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PREFACE 


That the nineteenth century, especially its second half, wit- 
nessed a Scientific Renascence of the most astonishing kind, the 
results of which have profoundly affected modern civilization, is a 
fact of such deep significance that it cannot be too often repeated. 
The foundations of Science were indeed laid long before this 
epoch, and one branch at least— Astronomy— -had already attained 
a prominent position. But such subjects as Geology, Chemistry, 
and Physics, together with the several departments of Biology, 
w(,;re all in a more or less rudimentary condition at the close of 
the eighteenth century. Many causes combined have led to the 
rapid growth of scientific knowledge, but probably the most potent 
factor is to be found in the theory of Evolution, in the form 
advanced by Charles Darwin and Alfred Russel Wallace just 
fifty years ago, which revolutionized our ideas of life and living 
beings, much as Lyell’s geological work, based on that of Hutton, 
had previously superseded the views then current regarding the 
relations between the past and present physical features of the 
globe. Furthermore, evolutionary ideas have now permeated all 
regions of human thought and research, and are daily applied 
to such diverse subjects as philology, literature, history, political 
economy, sociology, and theology, always, be it remarked, with 
the most fruitful results. 

The material outcome of a century’s scientific advance is 
remarkable both in quality and quantity. To get back from 
present-day conditions to those of the early nineteenth century 
]:)y elimination of scientific applications, could this be done all of a 
sudden, would deprive us of innumerable things which most of us 
now regard as matters of course. Away would go all means of 
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rapid transit and communication, and manufactiin'H would 
their activity. Even the ancient industry of At'-ricukure would 
be sadly crippled. Those unders’i'oi no- mc'dical troatniciit would 
have, their chance of cure considerably dimini.shed, especially in 
surgicaL cases, for the absence of aseptie, precaulions and iiiues 
thetics would prevent anythiiic;- beino' done for ailnienls wbieh now' 
lead to companilively little m(jria.lity, appendie.ilis and other 
lesions involving' abdominal section. 'I'he. streets would be but 
dimly lighted, photog'raph.s and couiith'.ss other tilings would 
vani.sh from the .shop.s, most of the colours that minister to tlie 
sense of beauty would disappear from textiles and the like, while 
the army and navy would scarcely know themselve.s. Aluzzle- 
loaders for Lce-Enficld.s, .smooth-l,ion;s for rilled cannons, J'iiiorh's 
for, Drcadiioitghts\ 

The object of this work i.s to give a eonneetixl and, as far fis 
pns.sible, non-techihcal sketch of the pre.s<ait posititm and outlook 
of natural science, with e, special rcih'renci! t<i its inihie.nce on 
modern life. It is believed that many will welcome ati atn'iiipf 
to present the matter with a certain amount of “ per.speetive ”. 
To the lay reader most will be either new, or placed in a m;w 
light. The specialist is asked to forgive ihi' — for him- common- 
places in his own subject, and to turn to scctioms with which he 
is les-s familiar. 

The work is in no sense a textbook, nor is it inl(mded as such, 
and in some cases a little elementary knowledg<; i.s assumed, 
though the manner of treatment of most aubji'cts will render even 
this modicum of previous knowledge not an essential fur intelli- 
gent comprehension of the subject. 

The scheme adopted i.s an evolutionary one, and rentiers 
possible a Itiirly logical order of subjects. We natvirally begin 
with Astronomy, which deals with the globe as an infinitesimal 
speck in an evolving universe, the careful study of which throw.s 
some light on its mode of origin. The story <jf our earth is then 
continued in the section on Geoi.ooy, which c.xplains the past by 
the present, and traces in some detail the long .seric's of gradual 
changes which have resulted in the existing distribution of Itnd 
and water. .Some matters of practical importance, .such as the 
origin of coal and rock-.salt, also receive attention. 
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The elements and compounds which make up the earth, and 
form the raw materials of very many human industries, are then 
dealt with under Chkmistry. Here we find a presentment of 
the gradual growth of chemical theories, as rendered jx)ssible 
Ijy increasing knowledge of facts. Where relevant, details are 
given of the more important practical applications. Coal-tar 
products, the winning of metals from their ores, incandescent 
inantle.s, and explo.sives are among the selected topics. 

Nc.xt follows a section on Physics, treating of the forces at 
man’s di.spo.sal, and their applications. The leading facts and 
theories of Sound, Light, Heat, and Electricity are all taken into 
account, and many industrial matters are fully discussed. It will 
suffice to mfiution telegrapliy, telephony, and photography. 

The com])lcx problems presented by life and living matter 
occupy a considerable space, under several headings. Some 
general principles are first con.sidered in a short section on 
Genkral iJioLOGY, whicli is followed by a longer one on Botany. 
This deals with modern aspects of the subject, such as the comple.x 
relations between plants and their surroundings (oecology), and the 
broad outlines of plant evolution (phylogeny). Extinct forms are 
considered as well as those now existing, for without them many 
problems regarding the origin of vegetable group.? would be hope- 
le.s.sly insoluble. An outline of plant distribution is appended, A 
section on Zoology, treating animals in .similar fashion, succeeds. 

Under the headings of Botany and Zoology enough of the 
ancient life-history of the earth is given to supply an elementary 
idea of the .succe.ssion of forms in sea and on land which existed 
during the series of conditions described under Geology. 

Some of the applications of biology are alluded to in both the 
botanical and zoological sections, but certain matters are reserved 
for further treatment. 

A distinct section, for instance, is given to Fisheries, in which 
active scientific work is going on in the United States, Germany, 
and Norway, while something is being done in Britain, though 
government supiiort is at present meagre. 

Agriculture, again, which is largely the application of natural 
.science to the raising of crops and stock, occupies a distinct section. 
This takes the form of a historical survey, .setting forth the leading 
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ra])id transit and communication, and manufactures would cease 
thenr activity. Even the ancient industry of Agriculture would 
he sadly crippled. Those undergoing medical treatment wnuM 
have their chance of cure considerably diminished, cspiicially in 
surgical cases, for the absence of aseptic in-ecaulions and anu-s- 
thetics would prevent anything being clone for ailmeiit.s which now 
lead to comparatively little mortality, e.£\ apjiendicitis ;utd other 
Ic.sions involving abdominal section. The streets would be Ijiit 
dimly lighted, photographs and countIes.s other things would 
vanish from the shops, most of the colours that minister to llie. 
sense of beauty would di.sappear from textiles and the like, while 
the army and n.'ivy would scarcely know themselves. I\Tnz/lc" 
loaders for Lec-Enfields, smooth-bores for rifled ctmnons, P'itiorics 
for D7'cadnougkis\ 

The object of thi.s work is to give a connt;ctei.l and, .as far as 
possible, nou-technical sketch of the pre.sent position tind outlook 
of natural science, with especial reference to its inihience on 
modern life. It is believed that nniny will welcome an attempt 
to present the matter with a certain amount of “ perspective ”, 
To the lay reader most will be either new, or placed in a new 
light. The specialist is asked to forgive the — for him— common' 
places in his own subject, and to turn to sections with wliich he 
jjlrless familiar. ' 

The work is in no sense a textbook, nor is it intended as siuh, 
and in some cases a little elementary knowledge is assunuxl, 
though the manner of treatment of most subjects will render evmt 
this modicum of previous knowledge not an e.ssential for intelli- 
gent comprehension of the .subject. 

The .scheme adopted Is an evolutionary one, and renders 
po.ssible a fairly logical order of subjects. Wc naturally begin 
with Astroxomy, which deals with the globe as an infinitesimal 
.speck in an evolving universe, the careful study of which throws 
some light on its mode of origin. The story of our earth is then 
continued in the section on Geology, which explains the past by 
the present, and traces in some detail the long series of gradual 
change.s which have resulted in the existing di.stribution of land 
and water. Some matters of practical importance, such as (he 
origin of coal and rock-salt, also receive attention. 
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The elements and compounds which make up the earth, and 
form the raw materials of very many human industries, are then 
dealt with under Chkmistry. Here we find a presentment of 
the gradual o'r<jwth of chemical theories, as rendered |;x)ssible 
by iiicr(?asim->- knowledge of facts. Where relevant, details arc 
given of the more important practical applications. Goal -tar 
products, the winning of metals from their ores, incandescent 
mantles, and explosives are among the selected topics. 

Next follows a section on Physics, treating of the forces at 
man’s disposal, and their applications. I'he leading facts and 
theories of Sound, Light, Heat, and Electricity are all taken into 
account, and many industrial matters are fully discussed. It will 
suffice to mention telegraphy, telephony, and photography, 

'The comjdcx problem.s presented by life and living matter 
occupy a considerable space, under several headings. Some 
general princi[)les are first considered in a short section on 
(dicxi'ik.AL HjoTvOGY, which is followed l)y a longer one on Botany. 
'rhis deals Avilh modern as[)eci.s of the subject, such as the complex 
relations between plants and their surroundings (cecology), and the 
broad outlines of plant evolution {jibylogeny). Extinct forms are 
con.sidered as well a.s those now existing, for without them many 
[iroblerns regarding the origin of vegetable groups would be hope- 
lessly insoluble. An outline of plant distribution is appended. A 
section on Zooi.uoY, treating animals in similar fashion, succeeds. 

Under the headings of Botany and Zoology enough of the 
ancient life-history of the earth is given to supply an elementary 
idea of the succession of forms in sea and on kind which existed 
tluring' the. series of conditions described under Geology. 

Some of the ajiplication.s of biology are alluded to in both the 
liotanical and zoological sections, but certain matters are reserved 
for further treatment. 

A distinct section, for instance, is given to Fisheries, in which 
active sclentilic work is going on in the United States, Germany, 
and Norway, while something is being done in Jh'itain, though 
government .support is at present nieagre. 

Auuicueture, again, which is largely the application ol natural 
.sUeuce to the raising of crops and stock, occupies a distinct section. 

I'lils takes the form of a historical survey, sotting forth llic h-ading 
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factors of progress at different epochs. The iin jjor Lance uf 
scientific research in relation to agricullnrc i.s fully apprecialed 
by the United States, Germany, Denmark, and l lolland: llritaiii, 
once more, is far behind, though there arc; signs of a .somevvdial 
tardy awakening to the national importance of original investigvi-. 
lions having a bearing on agriculture. • 

A short section on Piiilosoi’tiicai, Biology helps to round 
off the botanical and zoological sketche.s, by dealing' will i the 
evolution theory and its corollane.s. Its bearings upon .such 
departments of study as sociology are also indicated. 

Man in health and disease is considered in the section on 
Physiology and Medicine, which lays stress on the powerful 
weapons for the prevention or cure of maladies which modern 
science has placed at the disposal of vSurgery and medicine. In 
this direction Britain can so far' challenge comparison with otlier 
countries. 

The succeeding section on Antiiuopologv deuks with the 
. human species as contrasted with the individual man. The 
evolution of civilization in various directions i.s outlined, and .sonn; 

' account is given of the races of mankind. 

It has been deemed appropriate to conclude with EngikkkiunC'L, 
including descriptioms of recent advances which application.s of 
Chemistry and Physics have rendered possible. .Soim; of these, 
have already found a place in the sections on thost; subjects, hut 
complex mechanical devices fall more naturally to Itngiaeta-ing 
proper. A prominent place has been assigned to the appliauctis 
by which various modes of transit have been perfcctcxl. Tbi; 
importance of these to the advance of civilization cfin scarcely 
be overestimated, and, ttssociated with such rapid means of com- 
munication as wdreless telegraphy, they may render possible the 
continuance of a world-empire like our own. 

But as, at present, and for an indefinite period, the fate of 
nations is liable to be determined by force of arms, the concluding 
pages are devoted to the mechanical appliances which now rendr-r 
war by land or sea so tremendous a business. 

J. R. A. D. 

R. A. COLLBGE, CiKENCE.STER. 
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ASTRONOMY 


CHAPTER I 
INTRODUCTORY 

OUR OUTLOOK ON THE UNIVERSE 

First Impressions. — The first rough impression that our .senses 
convey to us regarding our position in space is that we arc situated on 
an indefinitely large, nearly plane, and immovable solid foundation, which 
we call the Earth. In the sky above us float various luminous objects, 
differing vastly among themselves in brightness, and seemingly all oi 
a nature entirely unlike that of the Earth. One in particular, the Sun, 
stands out from the rest as the ruler of the day and the year. While 
he is above the horizon, the lesser lights disappear in his brightness, 
while his heat is obviously necessary for the existence of animal and 
vegetable life on the Earth. The polar regions during their long winter 
night give a faint idea of what the whole Earth would be like without 
his warming and vivifying rays. He obviousl)' governs the seasons — 
it is summer when he passes high in the sky, and is visible for con- 
siderably more than half the twenty-four hours, and winter when the 
conditions are reversed.. Rough observations suffice to .show that these 
changes repeat themselves in a period of 365-1 days, as was discovered 
in very ancient times. 

What the Sun Teaches about the Earth. — The Sun teaches 
us that our Earth is not of indefinite extent, but floating freely in space; 
for he obviously passes under us at night, and this not always in the same 
[fiace (in which case we might imagine a tunnel for him to pass through), 
but at widely differing points in. summer and winter. Indeed, if we 
went to Bodo, on the Arctic Circle, vve might see him pass up or down 
at every point of our horizon, showing that our Earth is absolute!}’ free 
from any support. Moreover, if we trav'-el over the Earth we shall find 
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Ihe sun (Iocs not jiltcv in size, .showing-; tluii liis (lisl-.uice 

is hniii tensely great compared with the hearth’s dimuiiHinns. 

SlZJ'i AND SHAfMi OF 'rillC .lOAR'Cll 

Sl/JC AND Si FAI'K.-" Having OIK'C iicrsiiadcd mirM'lvts llial liir I'iarth 
K not ail indofiniUj iil.uio, it is inipcnl.uil to find lu'i sliapc and sin I Im 
phenomenon of a ship disappearing below the horizon as slie reendes linl! 
rirs'., and finall}^ llie tops of the masts — shows ns that the i'.artli’s Mirtace is 
curved, and as the curvature apfiears to be the same in rill directions, and 
at all parts of its surface, wc conclude that it is a siiJiere, W'e can get a 
rough idea of its size by a method used in Ifgypt hy lu-atosth<nies. lie 
found that the midsummer sun shone vertically down a well at Syeiie 
(Assouan), while at Alexandria at tlie same time it was fiunid, by obseiving 
the shadow of a vertierd pillar, to be distant from tlie overhead point by 

degrees, or one-fiftieth of the whole ciiv.uinli-.rence, 'raking the dis- 
tance between the stations as 5WO stadia, lie deilnccd for the ein nmfer- 
ence fifty times tliis, or about 29,000 of our miles. 

MoniikN Mka.SUKKMKNT.s. — The mofleni method is similar in prin- 
ciple, but far more exact. A base Hue of a few miles long is most, earefully 
measured with rods or chains; from this the survey i.s extended in a 
series pf triangle.s till it covers .sevend hundred miles. Tlicn the anjj'le 
' metween the extreme .stations is dotermineil by measuriii(;- liu; di.staiu e.s of 
.some well-known heavenly bodies from the overhead point at e.u'h station, 
Snefi arcs being measured in various ixigions, the earth has bi.'en fiamd to 
be almo.st spherical; the distance from pole to pole is 79UJ milts, the 
diameter of the equator some 2(5 miles longer. 

-JKAN.S’ TnKORY.--In 190;; Mr. Jeaiw .suggested that the eartli h;is a 
tendency to a pear .shape, Fiiglaud Itciiig near the hhmt end, and the 
■Stalk end being in the racilK:. ''J'his form being' unstable, tiicre is a 
tendency for the equator to become circular. He thus accounted for the 
prevalence of earth<iuakes in the regions midway between the two enils of 
the pear. 'Ihe departure of the equator from a circle is wry slight, (sily 
a mile or two, and the point is only mentioned lioru to avoid rcluruiiif.,; to 
it later. 

ROTATION OF TIJK KAR'I'II 

ArPAKKNT MOVit.MHNTS OF THIC HKAVRNfA’ 3iOI)IK,S,-.-\Vc now n-llirn 
to our contemplation of the heavenly bodies, and note that there is one 
feature common to them all, ?,e. they all have a common motion round m. 
in twenty-four hours. There are two piales in the sky, rme near the polo 
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.star, the other in the .southern heavens; the whole firmament appears 
to rotate about the line joining the.se. Simplicity alone would lead us 
to conclude that it is. the Earth, not the heavens, that is .spinning, especially 
as we shall find that the different bodies are at vastly different distances, 
so that it would be inconceivable that they .should all go round us in 
the same time. 

Foucault’s Pendulum.— An absolute proof is afforded by Foucault’s 
pendulum experiment. The pendulum is free to move in any plane, and, 
if started at the pole, would really retain its plane of rotation unaltered, 
but it would appear to turn right round in twenty four hours. In other 
latitudes it takes longer to complete a revolution, the duration being 
twenty-four hours X cosecant latitude, so that at the equator no shift 
at all would be visible. Such a pendulum was recently swung from the 
dome of the Pantheon in Paris, the results agreeing well with theory. 
Even if the sky were always cloudy, and we never sa\v any heavenly 
iDodies, it is possible that we might have discovered the rotation of the 
Earth by the behaviour of a Foucault pendulum. It is the centrifugal 
force arising from the rotation that causes the Earth’s equator to ■ 
bulge out. 

THE MOON 

After the Sun the next body to attract our attention is the Moon, “ the 
lesser light that rules the night". Unlike the Sun, she appears to con- 
tinually change her shape; but it is easy to prove that the change is 
apparent only, for with a telescope we can see that the invisible part is 
really there by its extinguishing stars when it comes to them. Examination 
will show that the Moon’s changes depend on her distance from the Sun ; 
when she is near him in the sky she appears. as a thin crescent, and widens 
ont a.s she recedes from him. The explanation is that the Moon, like the 
Earth, is a non-luminous sphere, only shining by reflecting the sun’.s light. 
We thus find that our first impression was incorrect, and that the Earth 
is quite .similar in nature to some of the bodies around her. 

THE SOLAR SYSTEM 

The Planets.— If Ave examine the sky carefully, and map out the 
pQ.sitions of the stars, we shall notice that most of them retain their con- 
figuration unchanged, but a few bright ones will be found to be travelling 
through the heavens, some quickly, some slowly. The,se are the five 
planets f wandering stars) of the ancients, i,e. Mercury, Venus, Mars, 
Jupiter, Saturn, which, with the Sun and Moon, gave their names to the 



6 


ASTRONOMY 


(lays nf (Ju.', wceU. the conneetioii iH'iiif; in wuiu; eases mort' casilv’ fraecaide 
in the h’naich tlian in the KiHi'lish names ef the daj-s. 'I'lit/se Im.li. like 
the Moon, are vKia-luimncnis itlohc's, shiiiiiii,-- merely Iry ivlieefiun fVem the 
Sun, This i.s .slieuai, in (lx; case o)' the )iir,-.t liiree, hy tlieir i";hilii(in;; 
phases like the; Moon, vvlien examined witli a tder.cope; in Jupilei'-, < ase, 
]jy the l)laok shadows whieli his moons ear.t on his «liia; when tliey pass 
iJetwcen him and the sun; rind in Satiirna; case, by the .shadow east hi- 
iiLs ring, 

TUiC .SoL.-VR Sv.stI‘:m. ■ -It has been recoyniwd >,inee Ihe time of 
Qipcrnicus that our JCartli mu.st he reck(.)iied as a I’llaiiet, '[’lie lam that 
she shines like them is proved by the faint light which can lu- .seen on the 
darker part of the Moon’s di.sc when only a thin enrscent is lit mi by the 
Sun; this light has come from tlic Sun lr> the Karlh, 1 hence to the Monn. 
and then back again to the h'.arlh. Many nlliis' (ilaiiels have siiiee been 
discovered, and the whole, assomhhige, tog.elher with numerons eomels and 
inctcons or shooting .stars, forms the ‘‘.Solar Sy.slcin", or Sun’’, f.miih'; 
He is the source uf their li|';ht and heat, wdiile his aUiaitive powei ki eps 
them circling round him; wmre this to cease, the\' would rush ofi info 
the gloom of outer space. 

Likk History OV THK I'IauTU.—A careful .study of llu- diflerent 
worlds of this sy.stem is of great in revealing’ the .storj- of our l•’,arlllV, 
past; for just as in a forest we. see Ireei'. in all si.ig.es uf !>ro\\tli. from 
the acorn to the gnarled oltl oak, .so we find world, s in vaiioiis stage-, 
of development, and e.an form plausible eoujeetures as to the order uf ilu-se 
stages. This matliod w;i.s used hy Proctor, .•ind, if earefnlly ajiplii’d, i*. uf 
great use in Astronoinj’. Hut just as in the forest we slioid.l make a 
mistake if we assumed that ever\ Uee we saw wa. ,i st c;. m iht 1th 
hi.story of the .samej organism, so we inust not I, -ike it for gTanted lliaf 
the difiereut planets are all passing tlnoug.h idmilieally th< - ,ime i.mei. 
though then; i.s likely to be a .strong family resemblaiiee belue<-ii them, 
just as the life history of a beech is very likt; that of ;m oak. 

DiS'i'ANCE OF Till'', MOON 

Gukeral Method. — In making a compandive .study of wurhls, uue ol 
the first points to consider is that; of their si’/.e, to inetisurt; wltieh we nm -t 
determine thidr distance and their arigiiltir diameter. The di.a.uue is 
found by metlmds similar to those cmiiloyod in surveying, /.c. a iiii’-.e hue 
is measured, and the distant object ob,‘i(;rvecl from lljc Iw'o exln.-milies o! 
this; w-c then know one side and tw'o angles of the triangle, ;md can ihu! 
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the other sides by the rules of trigonometry. Knowing the distance and 
the angular diameter of the object, its true size follows at once. 

Application to thk Moon.—Foi- e.'rample (fig. i), let the two ends 
of our base be Greenwich and the Cape (which we shall, for simplicity, 
suppose to be on the same meridian). Let GC denote the two stations; 
Elil the centres of Earth and Moon; and let GS, CS be lines drawn to a 
fixed star s, due north of the Moon; we shall find that GS, cs are to all 
intents absolutely parallel The angles SGM, SC M must be measured; 
their, difference gives us GMC. The altitudes TGM, TCM of the Moon at 
the two stations must also be measured. Then our previous knowledge of 



the size and shape of the Earth, and the latitudes of the two stations, gives 
us the angles TGC, TCG, and the distance GC; we thus know all the 
angles and one side of M G C, and can deduce the remaining sides. The 
Moon’s distance from the Earth is not constant, but its average value is 
found to be 239,000 miles. The diameter in miles of a heavenly body is 
its distance divided b)^ 206,265 and multiplied by its diameter in seconds. 
The latter being 1865" for the Moon, we find for her diameter in miles 
2160, or three-elevenths of the Earth’s. 

DISTANCE OF THE SUN AND PLANETS 

Transits of Venus.— The geometry of the motions of the planets 
gives us their relative distances very accurately; hence it suffices to measure 
the distance in miles of those that approach nearest to us, by the method 
already described, and all the rest can be immediately deduced. The first 
planet used for this purpose was Venas, when cro.ssing the Sun’s disc as a 
black ,s]3ot. Expeditions were sent to vaidous stations, and the exact instant 
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nntal at which VcnuK taitcvcd wholly on tin; Siin’.s disc; the diiii icmc 
of these times enahles us h) fiiKl V(aniH’.H distance. ‘I'liese Iransit'- ol' Venn;, 
ate veiy v:u-e. The i)air in l^dr, .|;-;ue tile lirMt relialili' v.due ol ilic 
Sun’s ditilance, inakiiis>; it 95,000,000 miles; the iiait in i.S;-.|, iNS' uco- 
very caretully oliserved, but the n-snlts were less ac<:<ifdanl than luipcd (oi, 
owiiit;- to apparent distortion in Venus’s .'ihriiK' us she enters on die Sun. 

l'.RO,s.--hi iHyS a new planet was found, liny l\ros, wiihii i'-. at times 
oiir nearest planetary tieip;hhour. Sneh alt approiteh occiineil in looi, 
when thousands of pliolO|>Tajili.s of liros and siiiTonudine; slats were laketi 
at all the observatories of the Nfirtlicm Hemispliere. 'I’hese i,iho|opraplis 
give the inoan.s of measuring with cxtreuie arciiraey the shift of 
among the stars, as seen from different .stations, and hetav finding its 
di.stance. 

Dist/VNCE OK TltK SuN. — The aa'epteil vtdueof the .Suu'.s disl.mce is 
93,000,000 miles. This is prohahly within ;>oo,ouo miles <»f the tnilh. The 
difficulties of the problem are very gretil, for the distance i.s i.gtioo tim>;s 
our longast tcrre.strial base. Hence the change in the e.sliniate is nut 
■surpiising, and it .should be pointtid out th.at it eaimot iiman a real clnuige 
in the distance, for that would involve a chaug;o hi the leng'th of tiie year, 
which we know ha.s not occurnal. 

The Si'Eed or Licirr, and Di.sta-nck ok tiik Spn. Another 
method of finding the Sun’.s distance ina)' be briefly nienliontnl. It lias 
been found that the .speed of light through space is finite, though verj 
great, 'and all the heavenly bodies conr,ei[uently .seem to lie shifted sHg.blly 
towards the point whither the ICarlh is moving, just as rvmiutig- throHe.h 
a .showfev of vertical rain causes the rain tn beat in onr faces, ’phr eiiert 
is to make each star describe a little elliiisc in the course ol a year. di<' 
length of which is the same for all (4i''> We etui dethice the ratio of die 
Earth’.s speed to that of light, and the latter has been fiuiud b\ ran I'lil 
measurcmoiU over a base of .several mile.s, using a r.ipidly n vohim. miiioi 
The resulting speed is i86,3:uS mile.s per second, which would talve it tVom 
the Sun to the Earth in 500 .secund.s. The valiu; 93,100,000 mile- has Itecii 
deduced, which i.s practically identical w'ith th:it given above, 

STATISTICS OF THE SOI-AR SYS’l'l-lM 

The planets all move round the Sun in orbits that an; pnirtic.-dly 
circular, though the Sim is appreciably out of the centre of many <■{ iheui. 
It will save space to give many of the i«irt!culrir.s of their size, mass, mid 
distance in the form of a table, . ■ , 
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Distance 





, Time of 
Time of K,,tntion. 
Rotation. Temperate 

Planet. 

lioin Sun 
in Millions 

Period. 

Dimueter. 

Miles. 


Dcasity. 


of Miles. 





Itfiuator. 20003. 

Sun 


a,.. 

867,000 

■■ . 

333,400 

0-254 

25 gl 27 0 0 

Mercury 

36.0 

8S\o 

3,200 

■h 

0.66 


.Venus 

67.2 

224.7 


0.S2 

0.93. 

? ■ ■■■' 

Earth 

93-0 

365.3 

7,926 

I 

62356 same 

Mars 

141.7 

687.0 

4,210 


0.74 

0 24 37 same 

Jupiter 







483.9 

' 1 1. 86 

89,000 

318.3 

0.34 

0 950 0 9 56: 

Saturn 

8S7.5 

' 29.46 

76,000 

95.2 

0.12 

0 10 14 :o 1037 V 

Uranus 

1784 

1 • 84.0 . 

31,000 

i4t 

0.24 


Neptune 

2793 

164.S 

33,000 

u-iV 


■ ? ■■ 


j From Earth. 

1 days. 



1 


Moon 

238,800 

j 27-32 ' 

2,160 


■'0.61 

27' 7 43 same 


Satellites. — All the planets, except Mercury and Venus, are accom- 
panied by .satellite.s, and the observation of their periods and distances 
enables us to deduce their primary’s mass ; that of V enus is known by the 
disturbances it produces in the Earth’s motion, but we can only guess at 
that of Mercury, since it is too small to sensibly affect its neighbours. 

The Sun and Inner Planets. — Several points in the above table 
call for comment, (i) Wc notice how enormously the Sun outweighs the 
sum of all the other bodies (in fact, 740 times), so that he reigns as absolute 
monarch. (2) We see that wc may divide the planets into two groups — the 
four inner ones being comparable with the earth in size, while the outer four 
are much larger. (3) There is a most interesting fact about the densities. 
We might expect that the larger bodies, bj' their greater attractive power, 
would have their materials more tightly packed; but we see that the reverse 
is the case, the Earth being the densest of all, while the Sun’s den.sitj’ is 
quite low. We obviously seek an explanation in his very high tempera- 
ture, from the well-known laws of expansion. The surface of the Sun 
appears to be in a gaseous condition, and it is probable that this state of 
things persists to a great depth j until the exce.ssive pressure produces a 
qua! 3 i-.solid condition. 

The Outer Plankt.s. — We next turn to the large planets, and here, 
too, the small density probably arises from a high temperature. We have 
c\idcncc of this in the very rapid changes of the surface markings, and in 
the rcmarkablfc variations in the rotation times for different zones. These 
[loints indicate a resemblance to the Sun and some inherent source of 
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incu'V in the pUiui^, ''inti' Uu'ir di>.lrim’t‘ fioin tin; Sun in so i'l'Uiil tluil. iiisi 
heat ivoukl he inadequaU; tu i.irnilna; sueli eflhrlH. The h’.artli if'.ell lias 
a liiqh internal tcuipenitiire, as is shown by vnleanie aelioii, iiol i.pnnp.-,, 
and the rapid rise in leniperaturc foiuul in iiiiiies and utlier deep iiori)ij,;s. 
Tlie Menu's siirlact', aqaiii, bears evidi'iit traces ol' a past p.-riotl .,1’ iiery 
' fiGtivity. 

Liu; History op' TIIK 1 ’i,.\N 1 ':'Is. We hrue tlur, a Urom; lase idr 
cencliKiins that all the liotlios of the. sysUaii iierpui their care, er as Miu-liUe 
bodies, and that the. smaller ones Iiave lieeii the lir-it to cool, i\|o>;i 
.sy.stcin.s of cusmoeony a.scribe lliis primitive heal to the coiuine, lopether 
of the cun.stiUicnt particles of the body from a distanti.', and the coiivei' 
sion of their kinetic encrtjy into heat; there is, howevi-r, preat variety in 
the details. Quite lately a furllier pussihle soitree of heat has been found 
■ in the radio-active elements, but it is not yet possilile to foiin a quanlitative 
estimate of the amount due to tins cause. 


CHAPTl'R 11 
THE SUN 

IIlUT OK THK SPN.--\Ve naturally turn fir.'.t to tile Sun to p.rt an 
idea of the condition of heavcnl}'- bodiirs in tlniir lieiy sta|',e. I ir, 1 .anpley 
made mcasuiemenls of sol.n heat on lhi> -.111111101 of Mouui Wliituey, 
14,000 ft. hiqh, and arrived at. the conehuitoii that if the Sun ume ..ur 
rounded by a shell of water 1 eenliuietre thitK, uilli a diameter iqu.d to 
that of the Earth’s orbit, the lemperalure of tin's shell would li i ahout 
3i“ C. [jor minute. On the a.s.siunplion that the Sun’.'i lieat results from 
contraction of his mass, Professor Ne.wcomb lias ilediiced a eoiUv.ii b-iii of 
about 1 mile in io years, Eonl Kelvin .similarly found .’cvkiu.dmu m-.u’s 
to be the past duration of the Sun, on the rissuinplion that his output of 
Jieat had been uniform, and rc.snlted from tin; contraction 1 if liis particles 
from an infinite distance. These estimates make no a,llowaiice for tiie 
radio-active elements', wliich may modify the result to an uuknowit cKteut. 

Thp. Photosuikrh.— The Sun’s vi.sible .surface is known ,c. tin' 
photosphen'. It is concludcfl that this must be of a doudlila' natiin-, -am 
if either .solid or liquid, it would lo.s<: heat .so raiiidly by radiatiuu ilial Ii 
woulil .soon cea.se to be Imninous, We must suppose stronp- convi-ciion 
currents to cany clown the cooled- matter and hrinjf up new iiealed matter, 
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and nothing but gas has the required mobility. We do not know to what 
depth this mobile layer extends, but Dr. See has deduced that near the 
centre, even if the matter remain gaseous on account of the immense 
temperature, it would behave practically as a solid, the almost inconceiv- 
able pressure rendering it more rigid than any metal. Professor Sampson 
reached a different conclusion, ix. that the pressure below a certain depth 
miglit remain nearly constant, and the convection currents extend to the 
centre. Pic has been able in this way to explain one peculiaritv already 
mentioned— the rapid increase in tlie rotation period as we proceed from 
the equator to the poles; it is shown that this -would arise if the rotation 
were much more rapid at the centre and continually dimini.shed outwards. 

SUN SPOTS 

Disturbances in the Sun. — On any view the visible surface of 
the Sun must be a scene of tremendous turmoil; its effects are seen 
during total eclipses in the red prominences, which are mighty eruptions 
of glowing gas flung with tremendous speed to heights of (say) 100,000 - 
miles. They can be seen without an eclipse b\' the aid of the spectroscope. 
The sun spots are another evidence of mighty disturbance; the}' are huge 
rifts in the photosphere exposing a less luminous region, or perhaps filled 
with absorbing matter that veils the bright surface, and the}' show by their 
whirlpool-like structure and rapid change what mighty forces are at work. 

Size and Shape OE Sun Spots.— T hey sometimes attain a diameter 
of 50,000 miles or even more, and at such times are plainly visible to the 
e}m if the glare be reduced by smoked glass or b}' fog. The}- are almost 
certainly depressions in the photosphere, though not of great depth, as is 
shown by their sometimes exhibiting the perspective of a hollow as they 
approach the edge of the disc. 

Solar Cvclk. — One of the most marvellous and mysterious features 
of the spots is the periodic waxing and waning in a period slightl}- over 
eleven }'^ears. No clue to the cause has }'et been obtained, but it is 
almost certainly inherent in the Sun itself, not arising from external 
bodies such as Jupiter, whose period is near it but not near enough. 
Comparison has been made with the intermittent action of geysers, &c.i 
which have a calm period after an outbui'st, till the pent-up forces have 
again accumulated. We can scarcely .say whether such action is possible 
in the interior of the Sun. All the solar appendages share in the fluctua- 
tion, and it is evidently not a mere surface phenomenon, but ver}' deep- 
''.'seated, C"-;' :k,' 
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Sun Spots anu MAc.NivTisM ov thk Eakth.— The hhu-ih’s niiu;- 
iR-tir phctuuiiciia fluctuate in sympathy with the solar eycle, aiifl iVIr. 
Maunder has recently shown that the connection is very close, and that 
the period nf the Sun’s rotation can be detected in our inapnetii: distni h- 
ance.s. lit: tleduces from this that these flistiirbanies re.snlt from an 
action ])nieeedino from c(;rtain reifions of the Sun in delinite directions, 
which rc:pons are generally those of spots; but in soiin; cases a repjon 
seems to retain its activity after the spot has closed up. lie siipoesls that 
the distiubauoe may be transmitted to the Earth b)' the actual discharge 
of very minute particles, possibly small cnoU{,;h to be affected by the pres- 
sure of light, which produces on very tiny bodies a stronger action than 
gravitation. Tlic great ])ermanence of the affected regions on the .Sun 
is a surprising feature, con.sideriug the mobility which the Sun’s surface 
fgihsE'jiaye. , 

SuiV'T Of’ Sun SI’CiTS. — D uring the eleven-yc.ar cycle the spots have 
a remarkable .shift in latilufle; just after spot mininmm tluy break out in 
high north or south hititudes, and then gradually clo.se in on the equator, 
to which they irmkt; their neai’cst approach at the ne.'ct minimum, wlit;n 
the cycle begins anew. The cause of this movement i.s a.s mystenou,s as 
.that of! the .spot cycle. ' 

Ti-IF. .SUN’S AJJ.SORllINt; ATMOSl’l lliRI'i 

The .Sun’s disc becomes dcchUidly less luminnns near the limbs, the 
cause being the same as the dimiiuilion of light of the setling .Sun, vi/. 
greater uhsorption owing to the light traversing a greater dtqith of atmos- 
phere; but in this case the atmosphere is that of the .Sun. Tlu' solar 
atmosphere is a few hundreds of miles high, ami its constitution cun be 
found by the spectroscope. 

This iustruineut splits up the Sun’.s lirght into a rainbow-tinted band, 
crossed b)’ thousands of dark lines caused by the aI)Sorptiim of light by 
t)ie gases in his atmosphere. Comparison with the spectra ol known 
substances enables us to identify many of the gase.s present in his atmos- 
phere. Hydrogen and calcium are abundant, also iron, sodium, mag- 
nesium, and a number of others. It is of interest to note that jtist as 
(.lur air makes the Sun look red when .setting, so the Sim’s almosphcre 
absorbs more of the blue light than of the red, and in consecinenei! flu- 
darkenijig at bis limb is more conspicuous in photographs than to the eye 
(for the blue raj-s are more efficient photographically). Thu golden linge 
of his light is clue to this smoke veil; were it removed, he would lf)ok 
bluish. 


THE SUN 

This is one of the photographs of the Sun’s disc taken at Green- 
wich Observatory every fine day (reproduced by kind permission 
of the Astronomer Royal). The cross lines are wires in the in- 
strument used for determining the true bearing of the spots. The 
darkening towards the edge of the disc shows the absorption of 
the Sun’s atmosphere. The enlargement of the Great Spot shows 
Umbra and j/efiumbra, and the formation of bridges by the inrush 
of luminous matter. 
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SUN-SPOT THEORIES 

Natlirk and Origin of Sun Spots. — Spots when examined with 
the spectroscope show a general darkening, and also widening and con- 
tortion of the lines. This indicates that they are cooler regions, and also: 
under greater pressure, thus confirming the idea that they are depressions. 
There are two principal explanations; (i) that they are caused by the 
downrush of cooler matter from without; (2) that great explo.sive ritshe.s 
of ga.s are taking place from the interior; the gas on reaching the surface 
would expand rapidly from diminished pressure, and in consec^uence would 
cool. The second view seems to the writer the more probable, especially 
as the spots are found to be intimately associated with the prominences, 
which are obviously eruptions. The tendency of contemporary spectro- 
scopists is, however, towards the other view. 

OF A Sun Spot. — Spots and their surroundings consist of. 
four parts: (i) The nucleus, a small black spot in the middle, which would' 
be the funnel up which the uprush had come; (2) the umbra, or dark 
region, where the bright photospheric clouds are torn aside; (3) the pen- 
umbra, or greyish region, perhaps due merely to greater absorption, owing ■ 
to its depression below the general surface; (4) the faculee, or bright waves : 
surrounding the spot, doubtless the displaced photospheric matter travel- 
ling outwards. They rise above the general level, being sometimes seen 
as ridges on the limb. They are much more conspicuous near the limb 
than in the centre of the' disc ; this is owing to contrast, for, being above 
the surface, they would not suffer .so much absorption as the surrounding 
'ijhotosphere. 

Hale and Adaji.S’S Theory.— Professors G. E. Plale and W. S. 
Adams have recently advanced a new theory of spots, based on their 
spectroscopic observations, combined with Professor Fowler’s work on the 
.spectrum of titanium oxide. They have, succeeded in identifying the 
titanium flutings in the spot spectrum, and find that the lines that are 
strengthened in this are those that are strengthened when the vapour 
: producing them is lowered in temperature. Hence they conclude that a 
spot is a region of lowered temperature, and that the Sun’.s atmosphere 
over it is modified by this lowering; but that the upper layers of this 
atmo.sphere are less cooled, so that the temperatiu-e gradient is reversed. 
The titanium producing the banded spectrum is suppb.sed to lie at a great 
depth, vyhere the temperature is so low that, being a very refractory sub- 
-stance, it is imperfectly vapoi'ized; while the substance.s pnjclucing the 
line specti'a are iiigher, and are completely vaporized. 
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SUN-SPOT THEORIES 

Naturk and Origin or Sun Spots. — Spots when examined with 
the spectroscope show a general darkening, and also widening and con- 
tortion of the lines. Thi.s indicates that they are cooler regions, and eiIso 
under greater pressure, thus confirming tlie idea that they arc depressions. 
There are two principal explfinations: (i) that they are caused by the 
downruslr of cooler matter from without; (3) thfit great explosive rushes 
of gas are taking place from the interior;. the gas on reaching the surface 
would expand rapidly from diminished pressure, and in consequence w'ould 
cool. The second view seems to the wTiter the moi'e probable, especially 
as the spots are found to be intimately associated with the prominences, 
which are obviously eruptions. The tendency of contemporary spectro- 
scopists is, however, towards the other view. 

Parts of a Sun Spot. — Spots Eind their surroundings consist of 
four parts: (i) The mtekf/s, a small black spot in the middle, which would 
be the funnel up which the uprush had come; (2) the thnbra, or dark 
region, where the bright photospheric clouds are torn aside; (3) the pen- 
iDjihra^ or greyi.sh region, perhaps due merely to greater absorption, owing 
to its depression below the general surface ; (4) the facnlae, or bright w'aves 
surrounding the spot, doubtless the displaced photospheric matter travel- 
ling outwards. They rise above the general level, being sometimes .seeti 
as ridges on the limb. They are much more conspicuous near the limb 
than in the centre of thc'disc; this is ow'ing to contrast, for, being above 
the surface, they would not suffer so much absorption as the surrounding 
photosphere. d 

Hale and Adams’s Theory. — Professors G. E. Hale and W. S. 
Adams have recently arlvanced a new theory of spots, based on their 
spectroscopic observations, combined with Professor Fowler’s work on the 
spectrum of titanium o.xicle. They have succeeded in identifying the 
titanium flutings in the spot .spectrum, and find that the lines that are 
strcngtliened in tliis are those that are strengthened when tlie vapour 
producing them is lowered in temperature. ITence they conclude that a 
spot is a region of low'^ered temperature, and that the Sun’s atmosphere 
over it is modified by this lowering; but that the upper Itiyers of this 
atmosphere are less cooled, so that the temperature gradient is reverscil, 
'idle titanium jwoducing the banded spectrum is supposed to lie Eit a great 
ilepth, where the temperature is so low that, being a very refractory .sub- 
•stance, it is imperfectly vaporized; while the substances iiroducing the 
line spectra are higher, and are completely vaporized. 
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This Ihwiiy also aocouuls fur some; l»riti;lit liiu;s havitij’, li<;on suni in 
spot spcxlni; llu:so would arise; from uppor vapours, and tlirir iii;,dii‘r 
temperature. would account fur tlic l.)rie';litciiin|.,p Wo sliall tuiair to l lu; dls- 
covory of the; lint;;; of titanium in spot sj^'ctra wliiai wi; iloal will: variaMo 
stars, and we shall se;e; that it is full of si^piil'icniice;, indicaliu!.; diat our Sun 
is at an incii>ienr stape; of star variability. J lain and Aelains lia,vt; '.l arolu'd 
for evidence; of the ;;hiflin!f of liue.s, deaioUui'; motion in the lino of sivht. 
They find ve;ry little tra(;e of .such motion in umbra', that little boiu;,; in a, 
denvnwarel rlircction ; they linel, howt;ve;r, iipni.slu;s in the brie;'ht briilyes of 
.spots and at adjacent re^pons e)f the photexspheM-e;. 

AssOCI/VTEI) Sun Si'OT.S. — Large spots are genenill)- .'leeompanie'd In- 
groups of smaller ones, soinetiintes of immense length, and more or less 
regular seciuenccs in their beh;ivioiir htive l)e;on traec'el-- some;time.s tlicru 
seems to be a tendency for one to rotate rounel another. Their duration 
varies greatly; small spots may (.)iily last a day or two; l.’trge one;; I'n;- 
quently do not persist for a second rotation, but sometimes lliey la.st tnurb 
longer; allusion has already been made to repeated oiitlireaks in tla- saiiu; 
region. The disappearance is eifecled bj- the innisb of the surrounding 
faculm, forming bridge.s, and splitting up the spot into sma.ll(;r otieis, wliich 
grcadually disappear. The contortion in llie speclnil lin(;s in spot.s is due 
to rapid motion of approach or recession in the limiinous gases; this alters 
the wave length of the light, and shifts tlu; liiu':i. Tlie violence of the 
explosions is shown by the great :qK:eds ;itlained -dumdreds of miles per 
second. These; speeds are verified by llu' rapid cbangt;s in lls' promi- 
nences which lake place undof the eye of the observer; the matU;r mines 
up visibly, attains a tremendous height, and tlieu bends over ;md deseeiuls. 

'I'ME SldiCl'KO-l-IlvLlOt IRAIM 1 

FLOCCULI Ax\I) CillROMOHl'JiKUU.— -During receni 3-t;ars a non ;uul 
powerful weapon of research— the spi'£tro-Iu'lit\i;;ritph --lias been iiUroditta.'d. 
T'lii.s takes photographs of the sun in light of one colour onlj-, the slit of 
the spectroscope being moved over the; di.se, and the iilichograpliio jilalu 
being moved to con-eBj.)ond. The portions of the .spectrum ;,;enerally 
chosen arc the hydrogen or calcium lincis, and a new feature has hren 
revealed, i.c. that there arc immense c\o\v\s ~ Jlouuli- of the'a' g.ise-. in 
the sun’s atmosphere. They occur chiefly in the .spot zones, and some 
times cover up tlic umbra of a spot, though entirely invisilile to ordinary 
sight. The in.strnmcnt can al.sn be u.sod for taking .siinullam'ous photo- 
graphs of disc, and prominence.s, valuable for tracing the coma.'efion 
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betw-een the two. There is generally, a layer of prominence matter right 
round the sun (outside the true atmosphere); this is known as the chromo- 
sphere, and the eruptive prominences rise out of it. 

The Gorona and Total Eclipses.— There is still another .solar 
appendage — largest, though lea.st mas.sive of all, — the ii\my corojia, which 
can only be .seen during total eclipses, and which sometimes extends 
millions of miles above the limb. As total eclipses are rare phenomena, 
and fret|uently require long journeys for their observation, and as the 
duration of totality seldom exceeds four minutes, the growth of our 
knowledge of it has been slow. More has been done of late years, as the 
introduction of photographic methods gives reliable information respecting 
both the shape and spectrum of the corona. The light of the lower part, 
near the sun, is so great that we can understand how the early astronomers 
took it for part of the sun’s disc, and thought no eclipses could be total, 
It fades off rapidly, and the outer portions are most delicate and ethereal, 
requiring perfect weather conditions to detect them. 

Corona and Spot Cycle. — It has now been established that the 
corona changes with the spot cycle. At maximum it is arranged sym- 
metrically round the limb, so that we could not tell from looking at a 
photograph which was the direction of the equator; but at minimum 
there is a great extension in the equatorial regions, while the poles are 
only occupied by the polar plumes, a series of beautiful, thin, curved rays 
strongly recalling the magnetic curves produced by iron filings, so that 
many astronomers have attributed them to magnetic action. A character- 
istic feature of the long coronal streamers is their synclitml curvature, 
the portions nearer the sun have convex boundaries, then there is a point 
of inflection, and the boundaries of the outer portion are concave. 

The longest ray of this kind ever photographed (by Mrs. Maunder in 
India in i8g8) was traced with certainty for a length of 6 diameters 
(5,000,000 mile.s), and was .suspected for 7 diameters. Mr. Maunder 
conjectures that streamers like this may exemplify the kind of action 
that he postulates to cany to the earth the tiny particles that are supposed 
to produce our aurora and magnetic storms; probably the matter forming 
them is so finely divided that light pressure is stronger than gravitation, 
and propels them away from the sun. 

Complexity OF Corona.— ^T he corona is probably a highly complex 
structure; some parts of its light arc due to solid particles reflecting tlie 
Sun’s lightj or, if very near him, perhap,s heated to incandescence, and 
shining by their own light. Another portion is shown by the spectro- 
scope to comsist of an unknown gas, to which the name coronkmi h-os, 
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liecn given; it i.s prcsiimabl}' ligliter oven tli.'in Iij'di-Dg’cn. Tin- cllica'.'il 
nnUire of tlie corona was cmphaHizcd by tlw. o.uncl, of iKS;>, wliicli jiasscd 
through it, and, though itself of most fihn)astrut;tnre, escaped without any 
.sensible retardation of its motion, (.airious darli .slnieliires a.n.,; .st.inu:timi:'.s 
seen in the corona and proiniiienco.s wliich may lie dui' to some inleia riiino; 
.strearn.s of matter. .Similar stnictmvs occur in nebula:, and may be d\ie to 
a .similar cause on a, grander scale. . 

CtJRONA AND Df.sc Dl.STtfKJiANfKS. — Kceent oclip.ses bave eslabli-lu'd 
a connection between the coronal .structure ami the disturbauci;.-; mi the 
di.se. Over a strongl)' di.sturbed region were seen a number of coiu.enlric 
arches, recalling the circular wuvc.s made b}'- a .stone thrown into water, 
and probably the re, suit of an e.s-plo.sive outbunst. 

CMAPTi'R MI 

THE GIANT PLANETS JUPITER, SATURN, 
URANUS, NltPTUNP: 

jui’rn!;R 

We proceed now to the giant plaiiet.s. wliicli ilhi.strate Uie .stage in a 
world’s career when it ha.s a:a.seil to liu\e a,u iucandcsaait pliotosphere, 
but is still agitated by internal beat (fig, :i). Jupiter is iu (-very way 
the best world to take as our type, .since he is at once the largest and tlie 
neare.st of the four giant planets. Saturn, however, resemble.s him doselj', 
except for the added feature of the ring. W’e can never hope to le.iru 
much of Uranus and Neptune, owing to tlreir giv,(t disl.uice; lml llieir low 
demsity probably indicates general similarity to the other two. 

SiZK AND Ari'KAKANCK OK JUflTI'U. --Jllpiter’.S bulk exceed,', lliat of 
the Earth more tluui a thousandfold, but his mass only tliree hundredfold. 
Thi.s fact in itself .suffices to prove that a large ]iortion of his bulk i.., 
gaseous, and observation fully beans out this iiloa. We probably mwer 
.see the planet’s real surface, but only an tmmen.sely deep clond ]a>er. 
I’he clouds are not distributed at random, but are gencrallv^ arrangi-d in 
belts jiarallel to the equator (fig. 3). Ji’he.se belts an: continually chanejn-;, 
and produce the impre.ssioa of a .series of cloud layers, one heliimt 
another down to an immen.se depth. It i.s to be remembered tliat he is 
at five times the earth’s distance from the sun,' so the .solar heal would 
be quite inadequate to produce the.se cloitchs. Indeed, were the planet 
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The coronal types of sunspot maximum and minimum are clearly 
shown in these two plates (repiocUiced by kind permission of ilie 
Astronomer RoyalX At maximum the streamers are distributed 
round the whole disc fairly equally, at minimum they are confuted 
to the equatorial regions, except for the delicate thin appendages 
known as tlie polar plumes. 
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dependent on the sun alone for heat, a terrible frost would prevail, and 
all moisture would probably be precipitated. The heat must therefore be 



inherent, but the atmos- ■ 

pheric veil hides from us ^ 

the probably still glowing 
surface. X 

Thk Belts OF Jupiter. / ~ 

— The parallelism of the / 

belts to the equator re- / / / 

minds us of the solar-spot j j / y ^ 

zones, and there can be no If 

doubt that both are rota- 1 I V 

tion effects. There is the 
further analogy that the 
equatorial regions rotate 
more rapidly than the rest; 
the actual times are 9 h. 

50.S m. and 9 h. 55.7 m. 

The range is much less 
than in the Sun’s case, and 
the period does not, as in 
that case, gradually in- 
crease with the latitude; but all the markings seem to conform pretty 
closely to one of these values. 

Light-S and Colours of Jupiter. — Some have supposed that 
Jupiter may still give a little inherent 
light. His disc is very brilliant, con- 
sidering the distance from the sun, and ^Hr 
as^ large regions ^^m'e obviously dusky it ^jr i-i 

the amount of this is small, however, is 

shown by the blackness of the shadows M 

of the satellites, and the total disappear- 

shadow of their primaiy. Very rich and 

beautiful colours are shown, on the disc. ■ Fig. 3,~ju^itei-. {Froniaskttcivv,yDi’. D. 
Mr. W. R. Waugh says of theTjright - Sm-irt-i 

equatorial zone: “Its ruby-tinged golden hue has made it attractive to 
students and beautiful to behold. What can be the cause? An addition:il 


- UBANUS - 


ieptun£. 
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inci'ca.'^c of h<;al;ing pvwci- is pcdiaps the most fcasiblc (;>:pIan:dioii. 
I'l-uin Ijolt to bolt it ,s(;cincfl to ftlow in cnlcniral lipht.” OiIkij- roipon;-; an: 
dosoribeii by Mr. laissel .1 iW jnirjdo, la-own- ()r!in!.n:, am! lii^'Iit oUvc-ipccn ; 
others syieak i>f blue, crim.-ioii, aiul .sea-j^nxai, 

I'lli’, flKKAT K,l;vn Sl'(.)T. — One of tl\o most coniafkaltU; cuioured 
reiiions i.s known as the (ilreal: Red Siait. Tlii.s i.s ;ni (ajonnoiifi niddy 
uvid markiii!^', 150,000,000 s(]. miles in area (1 Iiree- foiirt hs of die whole 
surface of the luarih), wliidi ha.s per.sisted since tSyo, 'I'liere is some 
evidence of a similar outburst htivinp,- previously tidicn place 011 tlie same 
p.'irt of tlie planet, whicli ctills to mind the recurrence of solar disturb- 
ances in the same res^ion. Many luive thoug-lit th:it it i.s either the surface 
of the actual glowin^ planet or a thin cloud stratum transmittini.;' that 
glow. 

Mr. R. A, Proctor says; 

"IVhon the whole spot was reel, the region thii.s disclosed lay helow the general 
level of the cloud surface we .see and inea.sun-, iirohahly hy many hundreds of niile.s. 
The. red light was in part inherent, hiii probaldy tlie actual region whence inherent 
light proceeded lay far helow the. .suvfuco from which it appeared lo euuuuiU;. TIu; 
existence, long cemtinuanee, and rapitl changes of ap{iuarance in (he grout spot 
indicated an activity in Jupiter's mass oorresiioiuling well with the theory that he is 
in a condition between that, of a bun like onr own and tlial of a world like our 
/Earth.”- 

The spot has not remained in ahsolulely the same position on the 
planet; it has, indeed, drifti'd over .some .10 flr;jiree.s of hinpitudc-. 
The.sc change.s have generally .seemed capricious, hut on two oci'asion.s 
a change of rotation rate has .synchroni/.ed with tin: overtaking of the 
.spot by' a large dark marking ivluch .scorned to gi\-i.: it a .sudden [uish 
onward. This jn-obably imiiliecl tlial tlie re<l spot is not tin; ;ictunl 
surface, but a low cloud layer which had been [inslied away iVom the 
actual seat of disturbance, but afterwards returned to it. in :i soincwlmt. 
.similar manner Proctor explains tbe long ruw.s of oval wliito clouds by 
supposing that they arc the products of successive eruptions from tlie 
same region, but that an atmospheric current ha.s carried tliom an ay from 
this region and spread them, out in a band. 

Other proofs of the great depth of Jupiter’s atrnospliere an- afforded 
by the behaviour of the .satellites when passing before or Isdiind tlio disc. 
A well - .Lttested ca.se occurred in iSsK, when three skilled observers 
(Admiral Smyth, Mr. Maclear, and Dr. Pearson) .saw .Satollili- II pass 
on to the disc, and several minutes liiter appear again onlside it, 
showing that a large area of the planet had become tnmsparent and 
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invisible. This is supported by Mr. Todd’s observations at Adelaide; on 
several occa.sions he saw the .satellite.s through the limb after they had 
passed behind it. . 

SATURN 

Comparison with Jupiter.— Saturn is Jupiter’s brother giant, and 
much that we have said of the one applies also to the other. Both have 
rapid rotation, and in consequence gi-eat polar flattening ; while both 
present to us a cloud surface crossed by parallel belts. Saturn is but 
little inferior to Jupiter in size, but his density is surprisingly small (one- 
seventh of the Earth’s), so that his mass is only two-seveutlis of Jupiter's. 
This leads us to conclude that he also is in a semi-sunlike stage. His 
equator rotates in ten and a quarter hours, while a white spot in the 
temperate zone gave a value twenty-four minutes longer. This difference 
of rate implies atmospheric currents of the speed of 1000 miles per hour. 
The existence of these great currents is also shown by the behaviour of 
the white equatorial spot used by Professor A. Hall in 1876 to deduce the 
rotation. This began as a round, brilliantly white spot, but quickly spread 
out eastward. This probably arose from the source of the eruption being 
at a great depth, and liaving a slower rotation than the surface, so that 
successive jets appeared farther and farther to the west. 

Saturn’s Ring.— The unique feature of Saturn is his encircling ring ; 
nothing of the kind exists elsewhere in our .system, though a parallel may 
be found among the nebuhe, as we shall see later. It is not really a single 
ring, but a series of them, all concentric, and in the plane of the planet’s 
equator, They are astonishing both from their immense size and their 
thinness; the latter can scarcely exceed 100 miles, and when the ring 
i.s edgewise, which happens every fifteen years, it vanishes in all but the 
finest telescopes, which reveal it as a delicate line of light. 

COiMT'ONENT.S OF THE RING. — First comes the outer ring, with a span 
of 169,000 miles and a breadth of 9700. Next follows a great gap, 2200 
miles wide, known as Xhc Cassini division. Then comes the brightest 
ring, 17,000 miles broad; it is brightest on its outer edge, and grows 
darker inwards by slow gradations. Inside this, again, we have the 
crape, or transparent ring, through which the limbs of the planet can be 
seen. It is probable that this is somewhat thicker than the otliers, as when 
the system is edgewise it sometimes appears as a nebulous band. Its 
inner edge has been observed to present an irregular and jagged appear- 
ance, and it is probably .subject to variations, since it was not detected 
by the great reflector of Sir W. Herschel, while it can now be .seen in 
an ordinary telescope. 
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MiWKMKNTS and NaTUKK Ob' TDK RiNli. — Sir W. ITiTM-lit-l I'oiintl 
ill i/Hy th;il Ilia rhi" was nwolviiu^ nuuul llic plnnc-t. f). is, iudci-il, |>n-Uy 
i.'loar that (itlK.Twisd tlio syslcui wmild ltd as iiiistaiilr as a lu-cflic ii.ilanccd 
(in its {H'int. Hi; j,iav(v (:1 k; iiorind as lo It. tn., lail: it was iiniva! liy 
Air. J. (ilcrk Maxwiill in 1H57 tlial, (In; nia-, c.tuilil iml nwolvi' ,r, a .oliil 
onttiiuuius surfui'C, hut (liat dldinciit iiiiist idVdlvi,; .st;(iiira((,'lv at 

the iiropL'i- sjiml I'or its dislaure rioin .Satiini, siuec- ullu rwi'.f the eiu'iiuinis 
.strains would haar it to iV.-a'iiKait.s. In oilier words, the riny is a (K'lise 
swarm of very uiinute s.a(ellit(.;s, eaeli haviii;.; i(s own jieriod of' revolalinn. 
Any doubt that nii,t'lit lin^'er about this eoneiusion was di,s|H‘l!ed lately 
by the apjilic-'ation of the sjuxtroscopc, whicli sljowed llie lines in (lie ring’s 
spectrum bent in such a way as to sliow luoiv rapid motion !br the imK;r 
portions, in the exact ratio indicated by Ma.vwell. 'I'be (larlh'le.s of llu; 
crape ring arc; cvirh;ntly thinly .sc;atti;re(l, and permit the <lark liaeke.rouud 
of the .«ky, nr the limbs of the planet., to be seen between tlieni. 

CUlANdlW IN TIIK RjNi:.-.-'rhe fact lhal therinipi are a mass ol'iliseirfe 
particles makes it jirobable that ehange.4 are in i)ro;.;ress in th(;ir p'l'onpini;’. 
Proctor in Strturu mid its Srsfnn made out a pood ea.s<! for eoiieludinp 
that the system, since its disci.ivery, had wiiliaied inwards very apiu’ei iahly, 
.so that the inner regions might be ex),)eeted to niaeb (he planet in a hav 
centurio.s. More recent observalion.s, howm-er, have; failed (o .support this 
inward motion. There, can, however, In: lilth; doiiht that siuh ehmipi's 
are in progi'o.s.s, though at a slower rale than Proetor sti(»poi!ed. 

Tuicokicticai, IaU'Ohtanck op TtiK kiNc;.-. The rings of Saturn are 
of great importance in discussing tin; modi.; of i'orination of oiir system, 
since they .show cither an early .stage in the Ibnnalion of a .sutellite, ur 
an altered process, which in other Ciise,s lias givi:;n liirth tn a satellite 
but here has only re.sultcd in a cosinical eiond. TIi('re are some aii.dogies 
between the ring rind the zone of minor planets (asteroids) wliieli revolve 
n'lunil the Sun between the orbits of Afars and Jupiler. i'lie latter are 
far Ic.ss densely .scattered, but in each ca,se tlii'i'i; are zones of rieluie.s.s with 
barren regions between. The gaps in the asteroid orbits are known to 
be due to Jupiter’.s action, .since they occur at di.stances from the .Sim wliich 
correspond to .simple fractions of Jupiter’.s period. In the same way the 
gaps in the rings are probably due to the perturbations jiioduceil l,y 
SatuniAs .satellites; in particular, the great Ca,s.sini divi.sion is at such a 
distance that it-s period i.s half that of the inner saielliie Alimiis. 
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This plate shows the triple ring, and the transparency of the 
empe ring\ also the irregular shadow of the planet on the ring. 
The curious shape may arise partly from irradiation, partly from 
actual irregularities in the ring’s surface. The bright equatorial 
zone, belts, and dusky polar regions of the planet are shown. 
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URANUS AND NEPTUNE 

PUYSiCAL Condition. — Owing to their great distance little ifi known 
of tlK physical condition of the other two giant planets, Uranus and 
Neptune. From their low density, the same as that of the .Sun and Jujritcr, 
it is ])vobal)lc that tliey, too, arc in a heated condition. From their much 
smaller size it is likely that they have progressed further toward.s the 
terrestrial condition. Tliis- view i.s, perhaps, suj^ported by their spectra, 
whicli show broad absortion bands, much more 2N*ominent than those 
shown by Jujjiter and Saturn. 

Rotation. — Their [oeriod of rotation is unknown, but is .suspected to 
be less than twelve hours. Faint markings have been seen on Uranus, 
indicating a fairly rapid rotation, while in- Neptune’.s ca.se there is obviou.sly 
con.sidevable oblateness, .since the idane of the satellite’s orbit is found 
to be changing, evidently under the action of the planet’s equatorial 
protuberance. The.se two planets have one .striking peculiarity, viz. the 
high inclination of tlieir satellites’ orbit planes to those of the primaries. 
In the ca.se of the other planets this angle does not exceed 30 degrees, 
ivitli the .single excei)tion of Saturn’s outermost satellite, Phoebe, which 
ha,s a retrograde motion. 

Satellites of Uranus. — But the four .satellites of Uranus all have 
a retrograde motion in a i.)lane inclined 82 degrees to the primary's orbit 
plane, and it is practically certain that the jdanet’s equator plane coincides 
with the satellite.s’ plane, since otherwise his equatorial protuberance 
would cause their plane to have a rapid shift, of which the measures 
.show : no' trace. ' , . v ■ 

' Satellite OF Neptune.— N eptune’s satellite has also a retrograde 
motion, its inclination being about 40 degrees; Neiotune's equator is con- 
cluded to be inclined some 28 degrees to its orbit, it.s rotation being 
presumably rctrogi'ade. We shall return to these jieculiarities of the outer 
planets when we discuss the probable mode of evolution of the solar 
system. 
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CMAPTI'R IV 

Till' T1':RU!',ST!<1AL I'LANIVrS MI'lRCllKV, 
VENUS, IvARTH, MOON, MAKS 

MDKClfRY 

PlORlon OK Rotation.- We come now t.o llie tliMciissioii ul iJio i I.im, oi, 

worlds inoro or less rescml)liiu>- our own IduTli. ure (i\-o in nmulici', 

Mercury, Venus, liurtli. Moon, M;ir.s (.fu;'. Hnl, liUle is known oi' the 
physical condition of tin-, first two. Mt;rcuiy is small, and \'cr\- near the 

.sun, .so that it is didicult 
to make e.ood cilisiawa- 
tions. J ietinite markings 
on hi;', disc, h.ive liecri 
.st;en, lull neverilielt'ss the 
period of rotation is still 
(|nite iloulitful, .Some 
a, St roiiomia's (notiifily 
Schiaparelli and l.owcll) 
maintain that tlie pia'iud 
.of a‘otutioii is the same 
as that of revolution, /.c. 
eighty-ei'-ht day.s', uhieh 
Would imply [.lerpetual 
day for t.ne 'heniisiiliere, 
pi,'rj,)etu:d night for tlie 
otlier; others hcild tliat 
tin; iiefiud is only .slightly 
longer tlum lliai ul' our 
Earth, The riueslion i.s 
obv'ioiuily of t/re.il im- 
portance as affecting tlie haliit.aljility of the planet. 

iNHAUITABlUTy.^ — -Thmi is, Imwcver, another reason for dccidiu!.'; 
against the huhitability of .Mercury, a reason that is ronuuon t.. all 
worlds tliat are notably smaller llian onr Earth. It h. dedm ed toim 
the kinetic theory of ga,ses, according to wliich .all tli!- mole- nle. o) the 
ga.s are in rapid motion, the mean velocity I)i;in,!;- greater in prop.,iiion 
a,s the gas is rarer. The speed of some of tin; moh.'cnlcs mmii he lon- 
sidcrably above the mean, and prohahlj' every molecule would ,it some 


NiAns 




THE TERRESTRIAL PLANETS 


23 


time in its history attain the maximum speed. Now there is for each 
orb a certain speed which would suffice to cany a particle away from that 
orb. For the first four planets 'and the moon these si^eeds are 2.9, 6.2, 
7.0, 3.2, 1.5 respectively (in miles per second). ' In the case of the 
Earth we know that only the lighter gases can escape, such as liydrogen 
and, perhaps, helium; thus, although there is much li3xirogen on the Earth 
in compounds, it docs not exist in a free state in our air, as it does in 
the Sun and giant planets. . 

Comparison with other Planets.— The conditions on Venus are 
similar to those here, and observation proves that she has an atmosphere 
like ours. All the gases have sufficient speed to carr)'- them away from the 
Moon, and ob,servation shows that she is airless. Mercury would seem 
to be in nearly the same case; one fact revealed by observation is the low 
albedo, or reflective power of his surface. Now the giant planets and 
Venus, which are probably cloud-covered, have albedoes of one-half or 
more; Mars, which has evidently some air, has the value one-fourth; 
but the airle.ss Moon has the value one-sixth, and Proctor gives a still 
lower value to Mercury, so that its condition is probably moonlike. The 
theory of the escape of gases is due to Dr. G. Johnstone Stoney, and 
it would follow from it that all the satellites and minor planets are airless, 
and it would appear that only one orb in the solar system could support 
life such as exists on Earth, i.c. the planet Venus, to which we now proceed. 

VENUS 

Re.semblance to Earth. — Venus is the brightest of the heavenly 
bodies after the two “Great Lights”, and she is interesting in her close 
re.semblance to the Earth in size, mass, and atmosphere ; but the telescopic 
stud}7 of her surface has proved very disappointing. The phases are 
easily visible, but very little more can be certainly detected, so that it 
is still doubtful whether she rotates in some twenty-four hours or in 
225 days, the period of her revolution. Of her atmosphere there is no 
question; a decisive proof of its presence is afforded by the behaviour 
of the planet on the rare occasions when she appears to transit the Sun’s 
disc. After having entered partially on the disc a ring of .sunlight is 
seen, completing the portion still outside the disc; this can only arise 
from refraction, and it has been deduced that her atmosphere must be 
as dense as our own. 

Character of Atmosphere. — Most astronomers consider that this 
atmosphere is permanently cloud-laden, and that we never see the real 
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sui'laic c»f the plamit, Accrjrcliiu.;' to this Ahew the faint niarkiiif;;; ix.-ea- 
sioiiall)’ ohsei'vud an; only variations in tlie cnloiini of the clouds. :.<> (Ii.n 
the true surfaei; miolU he rolalinjt at (luite a. dil'Iirreiit rale iVoiii tluoe, I'm- 
there inii:t‘ht easily lie some reason which n-onld I'nake tl)e cluiul;; (:lian!.;e 
their Hi')pearaiu:(.; hd'ore unset, and, if so, tlie iniirkins; would not shiuv 
any rotatimi. 

Only (Uic astrononu:!’, l’rof(.;s.sor I.owell. consider;’, that (lie ,il ino ,|i|icn' 
of Venus is cloudless. He has drawn a mimhcr of radialiii;;- can.dil'onn 
markings, which he considers are on the jietual glohe, and In- t'onlident 
in the reality of the slow rotation. Me says; 

“The niarkiugs are not only iienn.anent hnt pennaneniiy visililc wh- iicver 
our own atiriosphei'ic conditions are luit so jiour as lo oljliler;.iu; ail dctiiil tqion 
the di.se, They arc thus not evidently ehiuil hidden at any time, lint llie 
whole disc, dark and light portions alike, is hrifduened as h) a hmiinous 
sunjo'siihci'e. When compared with llio tippearanee of tlie tlisc ol Mcienry or 
of our own moon, the apiicarance of the dise of X'eiitts i*; such as to in,dt>’ 
the presence of ti very .siihsliiiilial atniosphen.’ evidi'iit.” 

He then refers to a twilight arc, lie.inj,;- seen, :uut to die ahaeiiec ui 
,diat{nctive colour, and .say.st 

“Thu maikings, which :uc ol a ‘,tiaw t oloiued giev, hi.n the look ol l®in!.'; 
ground or rock, and it is prcMimahlt; from this that we sec siniptv haueii t’oek 
or sand weathered hy ivons of exposure to the siui. 'I'lu- niarkin;.>,s .ue . , . 
conclusive as to the period of roiatioii. 'I'hcre is no ei.’itain evideiiee of anv polio 
caps, . . . 'i’bc surface presents as dead an -.ippiar.niee as iloe.'i th.u ot oui 
■ :own' moon.” ' . 

This is un extreme view in one direeltou; to ilhedrale opposite vicw.s 
wc m;iy quote R. A. hroetor, where he. s.’iys; 

“She retains a larger propfirlioti than llic flarih of li.:r odefnial h. ai, llet 
atmospheic seems to he dtai.ser and im>re uutisluie kuk u, evi u ahovi tin- l.iyei.N 
of dense cloud which omvnip her j-lohe, covering hoili sea and land {tail not 
perhaps in equal degree) at all tinie.s.’' 

Similarly Professor \Y. 11. Pickering rumark.s that this (d.-uict is: 

“ConiplaUy cn\ilo])crl by its cjll.ius as i pnsumdtly tla i t« wiili \iu\i 
yat .present 

The spectroscope! has been tipplieil to the extiminatioti of the rotati.m 
period hy Relopolsky and Txiweli; they decidt! respectively in f.oour of 
the short and the long period, .so Unit Uie (|iu;stiort is , still mcclilnl. 
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MARS 

Appearance of Disc — Polar Caps. — We now pas.s from this 
beautiful but disappointing planet to Mars, our neighbour on the other 
side. Although he does not approach us quite so nearly, yet from being 
opposite to the .sun, and presenting a fully illuminated disc on a dark 
sky, he is much more favourably placed for examination, Mcn-eover, 
okscuration by cloud or atmospheric veiling is much less present, the 
result being that we know the .surface of Mars better than that of any 
heavenly body after the Moon, and he i.s much more interesting than 
the Moon, being a living world on which processes of change can be clearly 
seen (fig. 5). The earliest important 
discoveiy was that the planet has polar 
caps, which can be easil}' seen to wax 
and wane with the march of the seasons. 

They show that the tilt of the equator 
to the orbit is 24 degTee.s, practically the 
same value as for the Earth (23'' 27'). 

Dusky Areas. — There are a number 
of dusky areas on the planet which are 
quite easy to see, and have been known 
since 1666, when they were drawn by 
Cassini and Plooke. Unlike Jupiter’s 
markings, they are on the whole per- 
manent in position and appearance, though subject to slight \-ariation.s. 
Hence they are on the solid ball of the planet, not merel}' atmospheric. 
They are of a greenish tint, while the bright areas are ruddy, and give 
the planet its distinctive colour. Obscuration by cloud is evidently very 
infrequent, in fact eveiything tends to the conclusion that the atmosphere 
is extremely rare. The small size and mass of the planet, and the 
clearness with which the marking.s are seen, all make this probable. 

It used to be thought that the dusky areas were ocean.s, but this has 
been abandoned for many reasons: (i) Details of a permanent nature 
are seen on them, which could scarcely be the case on bodies of water ; 
(2) Professor W’. H. Pickering found no polarization in their light; (3) Dr. 
Johnstone Stoney’s theory of escape of gases tended to the conclusion 
chat aqueous vapour would escape from the Martian atmosphere. This 
cannot be considered as quite certain, since there are good reasons for 
doubting whether the molecules of gases are subject to quite the same 
laws of motion as bodies; of finite size. 
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NA'rtlKI’ (JK I'DI.AK SloiityV Uicory is tnio, llirn; ran I).- 

rio walor on Mais, and tlic polar aq)s iiiii.al.; lx; fVtniKid of .'(oinc oilier 
snlnitaiU'C. 'riicre in another reason IV>r donlil.inp; wlictlaa'. (lieMe raps are 
frozen water, '(’he dislaiice from the Sun is one and a, liidf times tin; 
I'hirth's, w’liieh would make, the mean temperat.nre less tlian half ouni, 
or far below freeziusy-iroint:, wliieli is rwanel}' allectral lay alteration of 
pres.sure. ihit the ]>olar rafas evidently do melt or e.va|iora(e, aiul that 
with :;'re:il rajiidily, mo lhat either tiun' an* not frozen wider, or ihe Miirtian 
air has .some tiroperty, lihi' the phew of a holbonsi', permittiiu; heat to 
cuter freel)', Imt relardina its e.sea[)e, 'Clio elearnes.s of tins aii- hardly 
h-LVOurs .sik’h a notion, 1ml it doe.s not quite neqative it. \Vc eamioi invoke 
any con.sklerablc amount of internal heal, for the polar e.aps obvion.sly 
follow the .seasons, and so arc .sim-melt(.;d. 

ClIAli.U.'TKU OK SUUKAOI:.' — Till the middle of the nineteenth laadtuy 
mn.st astronomers looked on Mars as a miniature of oiir Marth. This 
prisitiott is now g'cnoridly ahaiidoiied, but there are two siliools ot' Ihouf'jit 
nyardini;' l!te eoixlilion of his stirfaee. The first I'onelndes that active, 
processes of vesj;Ct:ilionaI ehim|,';e an- in pmqre-s.s, the other look.s on tlu; 
planet as a frozen dessert. VVe shall deserilie e.Mlreme view.s in these two 
directions, thnuj^h, of course, many intermediate ones are pos.sihle. 

latWKI.p's TilKDKY, - I’rofessor I'ercival I.owell is tlie leadiu.i,'' exponent 
of llie first vimv, and no one can aeeiise liim of proponndin!,; it ha-.lily 
or without careful .stud}’. He seleeted a .station { Idaqslaff, Ari/oiia i where 
nb.servini( conditions an; exi.'e[)liiiiially ,qood, and has studied the [ilanid 
at may apparition .since iSq.p Kis view is that water itas lieenme .searee, 
the supply mainly depeiidiiip, on the meltine; of ilie jiokir caps. It i,s 
conducted over thir .surface by the caiuits, which are a cotnplieated iW'stem 
of narrow .streaks coverin.q the whole surface, Init espi-eially the ruddv 
rcp;u.ins. They were first announced by Sdii.qiarelli in ih/;'. tlumyli some 
had been drawn earlier by Uawe.s and olliers. TIu'ir realitr wn-. loni; 
questioned, but ha.s now been proved by pboiopnqihs taken at jdaydaff, 
showiuo- many of them. All are a^«reed tiial the ruddy reqiomi an- dc-.rrls, 
and Tawell think.s that the .streaks we .see arc the fertile .strips i'.souk; 
miles wide) near the waterways, pro.senUiv^- the a[i[)eanmce lhat the Nile 
Valley would if seen iVuin a like di.stance, flanked on cither hand liy 
the sandy cie.sert. 

He thinks llie .so-called .Hoa.s are the more fi-rtile regions, Ihoiiqh the 
canals can now he traced even jicnw.s ihesc', inqdyiny, that Ihev, ino, 
arc dc()ctuleiit on them for their water .supply. In support uf his llu nry 
he cle.scribes iiow the markings darken progressively iVom the isfie to 
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the equator after the melting of the snow. He also notes that when 
the period of vegetation is over, the regions turn yellowish again in the 
same order, implying the fading of the leaves. He also explains the 
mysterious doubling of the canals by supposing that the vegetation begins 
in tlie centre, and likewise fades there first, leaving two parallel .streaks 
of green, with brown between. He has noted the position of the rifts 
in the polar caps during melting, and found them to agree witlvthe known 
positions of canals. 

Professor W. H. Pickering had noted in 1892 that there were dark spots 
at the junctions of canals which he called lakes. Lowell has confirmed 
these, but calls them lud, as suiting better their supposed character. The 
following quotation describes the colour changes that he has noted, which 
would certainly accord well with the vegetation theory: 

“ Of the large dark patches . . . the di.stiuctive colour is blue-green. The 
tint deepens or lightens according to the season of the year, and in the 
antarctic regions fades in autumn to .'in ochre. For the greater part of 
the time . . . the robin’s-egg blue is characteristic, and counterparts the tint 
which our forests take on, seen through a veil of intervening air. ... I was 
surprised to note (on April 19, 1903) that the whole of the Mare Erythrteum 
to the south of the Syrtis showed a chocolate-brown, while the Syrtis appeared 
as usual ... it was as if a brownish screen had been drawn over all the 
region.”. 

Difficulties of Lowell’s Theory. — Lowell’s theory is plausible, 
but there are some difficulties. Thus the polar cap must be veiy thin, 
from the rapidity with which it melts, and it is difficult to imagine that 
it could give enough water to irrig-ate the whole planet. Moreover, the 
water could not flow over the same regions from both the north and south 
poles, unless it were artificially helped by pumping operations. The 
theory really implies the presence of intelligent inhabitants who have 
carried out a vast scheme of irrigation. Another difficulty is to see 
how sufficient vapour could ari.se into the air to replenisli the polar 
cap.s, for some water would be absorbed into the soil, and .some would 
enter into chemical combination, and cease to exist as water. Such 
a process of desiccation is going on upon Eartli, though its effects are 
not very noticeable. Mars may well be older than the Earth, in which 
case the desiccation would have advanced further. Hence, if we grant 
the intelligent inhabitants, the necessity for great irrigation works is 
quite reasonable. , 

Crawford’s Theory.— We now pass to the other e.xtTeme hypothesis, 
that the planet is a dead frozen world — a view which is embodied in a 
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p;t))(.;r by ATr. RnhiTt Cniwfonl. Aa-oi-din!,^ to Itiin, ;un' water on Uu; 
jiliuiet in tlu; ibnu of a niiiieral as liard aa iroDutiuio. 'llic white 

deposits that cover lavii'(- rep, ions, such as 1 Icllas, durini; tiie winter season, 
he supposes to be carijoil dio.vidf, whicli W'ould be precipitated at; a tern- 
[.leraturc ol' ahoiit: --TOU Ci. at the. tow pressi.irc; pi'evailine, there, He 
;aie.”e,stH that llie [)olar raps may hi; iro/eii air, llion;;h tie ‘.oi'ins to 
overlook the effect of the, very |irolon|'ed sunshine at llie pole,, leiidered 
more inteu.se by the .slipiit alrsorptiim of tlie iilaiiel's alniosiihen'. lie 
makes a novel sui^t;e.stiou for the canals, A.', that they are line;; of .siirface 
len.sion in low-lyiny mi.st. He has .seen similar line.s in the \apour over 
a w'Lirm liquid, and noted that the lines relunied to tlie saiue position 
w'hcn blown aside, fw .some process that he eumpaved to erysialliratitni. 

GrKEN A\'I) ItluI.K.SWUKTll’.s TtlEoRV,-- Anotiier view of the caiud.s 
is that they aie the edqes of rep, ions of siipinly dilfeieul tone ol sli.uiing'. 
This wa.H snpp;ested by Mr, N. It, (ireiai in )h/ 0 , and i.s in-oh, ddy iriic for 
some of them at least. Captain Molcsworth say.s: 

“ 1 have come to the ixmc.lusion that in the preal inajodty of eases tlu canali;, 
eapec-ially the fainter <mos, arc the sliylidy diidmv holders i*! very fiiimiy sliatied 
arcius. In some eabos no true canal is visihle, lait Minply the onlline oi .t >,hadi d 
area, itiir. these is generally a diMinci hdiiiiiliiig stmal; darlcei than tlie aiea." 

This view' is shared by M. Antoniadi, wiio, liowe.ver, iiharc; Mr, l.owell's 
view' of the “ .sea.s ", and remarks; 

“We can . . . consider llu; va.st yellow evpimses ;i.h heitig de-^ert.*,; die dii.ky 
nrcas corresponding ap[i.'iiently lo pl.iiiis (oveicd with wain, and e,\tui:.nr iiaifs ol 
vegetation, wlio.sc culonr varies in fair accordaiiee with the rijvmo, ol' winter, i!u; 
return of spring, or with the seorcliing radiance of a summer sun 

We may then take it as estahlisheil that: Mans illustrate;; jilaiietary 
. decre.pitude, 

CHAPT'ER V 
T.IIE MOON 

A Dead WuRt.n, — Tlicre i.s one more world to consider beibre wii 
leave the .solar system. This is the Moon, a world so near nr. that we can 
study her .surlaoc w’itli an ox'actne.ss iinpo.s.sible elsewhere. Slu.; i.s evidently 
a practicall}' dead w'orld; if any changes at all are, in proyross, limy ;n-e. on a 
very small scale. It is, indeed, doubtful W'hether the Moon ha.s ever lived 
in the .sen.se in which the Earth does now. She has been tire scene of 
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tremendous activity, but of a volcanic kind, and has probably never been 
the abode of any organisms, either animal or vegetable, similar to those on 
Earth. 

We shall see later that the Moon is probably the Earth’s offspring, 
having been separated from it by solar tides at a time when this was still 
intensely hot, and rotated much more rapidly than now. Mr. S. A. 
Saunder gives .strong rea.sons for thinking that the Moon would only cany 
away one seven-hundredth of the air (which at that time probably included 
the water in the form of vapour), and that even that small amount has been 
lost, either through absorption into the crust or by escape into space, He 
says that all geologists who have studied the Moon (Professors Becker 
and Shaler are especially mentioned) are confident that there is no sign of 
aqueous action; 

“ What were called the seas showed no sign of ever having been water, and the 
crevasses (rills) showed no signs of ever having been river beds. Anyone who 
studied the subject \vould notice the great sharpness of the ridges, the steepness of 
the slope.s, the want of rounding of the hills.” 

Nevertheless the study of the Moon is interesting and profitable, as 
illustrating volcanic action far more potent than any now to be found on 
the Earth, but such as may have e.xisted here in earlier times, of which the 
traces have been destroyed by denudation. Proctor seems to have been 
the finst to suggest this, and his view has been extended by Professors 
Shaler and W. PI. Pickering. 

Absence of Air Proved. — Before commencing a description of the 
Moon’s surfiice, it will be well to give the deci.sive proof that she is practi- 
calh^ airle.ss. This is ba.sed on the principle of refraction of light, It is 
found by measurement that when a heavenly body .seems to be on our 
horizon it is really 34 minutes below it, the rays being bent through that 
angle by our air. If we imagine a ray just grazing the Earth’ .s surface and 
then continuing its course out of the atmosphere, the total bending would 
be twice the amount, or 68 minutes. Now, when the Moon passes over a 
star, it disappears instantaneously, and the discussion of a large number of 
such occultations gives a very accurate value of the Moon’s apparent dia- 
meter, for the effects of local irregularities would be smoothed out in the 
mean. Dr. Struve lias deduced in this way the value i s' 32.65" for the .semi- 
diameter. Now it will be noted that the ray from a .star at the moment of 
oceultatioii is just such a grazing ray as we imagined above, and if there 
i.s any refraction by a lunar atmo.sphere it will show its presence by the 
accultation dimneter being notably smaller than that measured directly. 
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Mr. Cowell has deduced, from fifty years’ observations of tiie ino(jn at 
Greenwich, the value 15' 33-7" — about i second .s^reater than Struve’s value. 
Some of the excess is known to be due to irradiation, a ijhysiolDjrical 
phenomenon whicli causes all bright objects to look slightly t<Jo large. 
I'he amount of refraction of a ra}- grazing the Mtjou’s surface cannot 
tixceed f second, f.c. one-five-thousandth of the amount on Isaith. Tliis is 
l>arely distinguishable from that given by a perfect vacuum. Nevertheless, 
several most skilled ob.scrvers have in recent years detected evident .signs 
of mist or hoar fro.st in certain regions. These can scarcel)" indicate a 
continuous atmosphere, but are probably local discharges produced by the 
heat of the sun. 

Rotation Synchronous with Rkvolution.— One of the first 
thing’s that we note in examining the Moon is that she always turns the 
same face to us; in other words, her rotation time is equal to lier time of 
revolution. This exact coincidence cannot be accidental; indeed, there, is 
no doubt that it was brought about by the tides raised by the Garth in past 
ages. The.se tides do not imply oceans; they may have been in the molten 
surfirce, or possibly bodily tides in tlie crust. The maintenance of the 
relation proves that the diameter pointing towards the Earth must be 
slightly longer than the others, but the difference is probably only a 
fraction of a mile. The polar flattening is insensible, which i.s a natural 
consequence of the very slow rotation. 

Before proceeding to a description of the Moon’s surface it is well to 
begin with a warning that even with the highest powers of the finest 
telescopes it i.s .still at a naked-eye di.stance of about 150 mile.s, so tluit 
it i.s impossible to make out verj'' mimitc details, sucli as the naluro of 
the rocks; though, by taking advantage of the long shadows that accom- 
pany a low sun, it is possible to di.scern very .slight inequalities of level. 

Till-: Marta. — Even with the naked eye we can plainly see a number 
of dusky markings on the disc. Galileo, who fir.st applied the telescope to 
astronomy, gave to them the designation “ Seas ” {Maria), thougli it is 
doubtful whether he really imagined them to be water; at all evcnt.s the 
increa,se of optical power quickly decided in the negative, since inequalities 
of a permanent character are visible upon them. The idea has, howex'er, 
been entertained by many that they were the dried-up beds of ancient seas. 
They undoubtedly po.sse.ss .some features that do . suggest this view. l'hu,s 
we can frequently .see ruined crater walls near their edges, and faint 
remain.s of (dd formations arc traceable on their floors, as though covered 
by sedimentary matter. As a typical instance of the fir.st we may mention 
I'racastorius, half of who.se wall has been destroyed by an inundation cif 
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sume liquid matter; .for the second we select two instances from a list 
prepared by Mr. W. Goodacre: 

Near Encke, on the border of Ocoanus Proccllanim, are the remains of 
four obscure ring plains. ... An observation by Mr. C. E Smith, 1S98, Jan. 9, 
shows a number of oval light markings on the surface of Sinus Iridum, which gave a 
strong impre.ssion that they are the remains of once prominent ring plains, whose 
walls have been overwhelmed by the matter tvbich form.s the presejit surface.” 

The Bolide Theory, — It i.s not, however, nece.ssary tliat water 
should have been the denuding agent; more probably it was liquid lava. 

The formation of the Maria cannot have been at a very early .stage of the 
Moon’s history, in consequence of their covering the ruins of so manv prior i 
formation.s. Professor Shaler, whose views as a geologist are particularly 
interesting, adopts the view {bolide theory) that they were made by the 
sudden descent of large meteoric masses on the surface, producing such 
a high temperature that it was immediately liquefied and reduced to a 
highly fluid .state. He thus accounts for the peculiarities of the Maria — 
the general level of their surface, the destruction of formations on their 
floor, the onward sweep of the liquid till it reached some high barrier, which 
it often partially melted down before it came to rest. ; 

If the lava flow came from the interior, as in an eruption, we should 
expect to find a steep edge to it, as in terre,strial lava flows, but none such 
can be detected. Shaler further points out that where there are depres- \ 
sions in the area on the border of the Mare the material flows into them, 
as a fluid would have done. All this points to greater fluidity than .seems ^ 

to have been the case in the lunar volcanic eruptions, and implies an 1; 

.external source. ' : | 

Objection to Bolide Theory.— The only difficulty about thi.s 
bolide theory is that there are certainly no bodies of sufificient size (say 
5 or 10 miles in diameter) now moving so as to meet the Earth or Moon. 
The nearest approach to them is Eros, perhaps some 20 mile.s across, 
coming within 14,000,000 miles of us. But the active epoch on the Moon 
carries us back to a very early stage in the history of the system, when ; 
there is good reason to think there were many such bodies, which have 
since then coalesced into the planets; such bolides may have also fallen 
on the Earth, but all traces of the fall have been obliterated by' the various 1 
erosive agencies at woi'k here, which do not exist on the Moon. 

Grouping op the Maria — There is, one rather noteworthy feature 
about the grouping of the Maria — they .seem to cluster toward.s the centre 
of the visible hemisphere. Mr. Maunder suggests from this that they have 
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been produced by some terrestrial tidal action. Professor Shaler aj^rees as 
to the fact, and considens that none of the Maria reach as far as the visible 
limb, so that the unseen region may have none of them. On his tlieoii^ 
this would seem to imply that the mare-producing bolides were Earth- 
born. Many astronomers have thought it probable that in its early days 
the Earth may have expelled meteors, and that a large jrropoition of those 
that reach us are her own children; but it is doubtful whether any of these 
were large enough to have produced the Maria. 

The Crater Mountains or Vulcanoids, — \¥e pass now to the 
crater mountains^ which are very numerous and of all sizes, from such 
mighty ring.s as Tycho and Copernicus, 50 miles in diameter, down to tiny 
pits less than a mile across. Professor Shaler groups them all under the 
name zmlcanoids, meaning to imply their volcanic origin, and )’et an e.sscu- 
tiai difference from terrestrial volcanoes. This diffei-ence arises from the 
absence of water, which nearlj' all geologist.s agree to be an importiint 
factor in our eruptions, the explosive nature of which is due to infiltration 
of water, which is violently turned into steam bj' the high temperature 
within the Earth.' 

Terraces of Craters.— -W e should therefore expect less violettt 
eruptions on the Moon, and a less energetic flow of lava, in consequence 
of diminished gravity. This cause would render the lunar lava more vi.scid, 

' and diminisli the tcndenc)' of imprisoned gases to escape from it. The 
.succe.ssive terraces in the crater walls are supposed to arise from .siicce.ssi\e 
flows of this viscid lava, which could come to rest at a much higiior slope 
:than is. possible here. 

Evolution of VulcANOIDS.— Shaler thinks that the vulcanoids 
began as dome-shaped elevations, such a.s occur in numbers elsewhere on the 
surface. When distended beyond its strength such a dome would colhip.se, 
leaving a pit, the lava from \Vhich would produce the ramiiarts. At a 
later stage, when the activity was declining, the flow would not lie vigorous 
enough to reach the rampart, but would form rude heaps in the centre of 
the ring— -the “central cones” that arc a characteri.stic feature of the grea.t 
crateas. There seems to be no evidence of any lava flows outside the 
craters of the vulcanoids, probably because the lava was too sluggish to 
break through any obstacle. The much higher fluidity of the Maria 
permitted their materials to invade neighbouring craters, notably Plato and 
Grimaldi, which share the dark colour of the Maria they adjoin, thougli 
no connection can now be traced. 

Long-continued Volcanic , Action.— T he period of volcanic 
activity must have lasted a long time, for we can clearly trace the sign.s 
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Reproduced by kind permission of the Director of Yerkes 
Observatory. Theophilus, Cyrillus, Catharina, are the three large 
craters near the centre, Theophilus being the lowest. It will be 
seen that its ring has invaded, and partially destroyed, that of 
Cyrillus ; it also shows an unusually large central hill, and parallel 
terraces in the ring ; Catharina shows clear evidence of successive 
outbursts. Some small pressure ridges are seen on the Mare 
Nectaris near the bottom of the plate. 
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of successive outbursts, one of the clearest cases of the kind being the 
pair of great craters Theophilus and Cyrillus. It is evident at once that 
Theophilus is newer, and that it has invaded and partiall,v destroyed the 
older ring. The relative newness Ls shown by the greater sharpnes.s of 
the terraces, those of Cyrillus having a worn and dilapidated appearance, 
It is to be noted that in spite of the absence of aqueous and atmospheric 
denudation there is undoubtedly an agency at work which might produce 
a gradual change in some of the details. 

This is the great difference of temperature between day and night; the 
latter temperature must be very near the absolute zero ( — 273'' C.), while 
that in the daytime is at lea.st 250 degrees higher. In fact. Lord Rosse’s 
measures made it as hot as boiling water, but those of Langlc)-, which 
are probably more accua-ate, make it near the freezing-point. Such a 
wide range must cause considerable expansion and contraction, and might 
readily cause the fall of some steep slopes. The phenomenon known as 
“creeping” might also occur, which would cause the slopes to gradually 
work downwards. 

Probable Changes of LinnE. — There is strong evidence for at least 
one change of the kind within i-ecent tiane.s, i.e. in the crater Linn6. Lohr^ 
mann says: “The second crater on the plain . . . with a diameter of 
somewhat more than one German mile, is very deep and can be seen in 
every illumination Beer and Madler selected it as a point of the first 
order in their survey, and describe it as li German mile in diameter; 

, “ Near the Full Moon it was a white spot, almost as white in the middle as at 
the edges. . . . The deepness must have been considerable, for I have found an 
interior .shadow when the sun had an altitude of 30 degrees.” 

The first announcement of a change was made in 1866 by Schmidt, 
who says: 

“I missed Linne, or rather its crater form, which at that time ought to have 
shown with e.special distinctness and deeply shadowed ”. 

Since then the appearance has been a whitish cloud, with faint ridges 
indicating a large ruined ring, and a very small crater within the oval. 
Tliere would be no doubt of a change but for a rather vague description 
by Schroter in 1788, which seems to agree rather better with the modern 
aspect. Even Shaler, who is reluctant to admit any change in recent 
times, . remarks : 

“I am inclined to think that the case of Linne is the strongest, and thaf the 
walls of that vulcanoid may have ,. . . fallen, into the original cavity, so as to leave 
only a small pit unfilled / 
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of successive outbursts, one of the clearest cases of the kind being the 
pair of great craters Theophilus and Cyrilliis. It is evident at once that 
Theophilus is newer, and that it has invaded and partiallj^ destroyed the 
older ring. The relative newness is shown by the greater sharpness of 
the terraces, those of Cyrillus having a worn and dilapidated appearance. 
It is to be noted that in spite of the absence of aqueous and atmospheric 
denudation there is undoubtedly an agency at work which might produce 
a gradual change in some of the details. 

This is the great difference of temperature between day and night; the 
latter temperature must be very near the absolute zero ( — 273'' C.), while 
that in the daytime is at least 230 degrees higher. In fact, Lord Rosse's 
measures made it as hot as boiling water, but those of Langley, which 
are probably more accurate, make it near the freezing-point. Such a 
wide range must cause considerable expansion and contraction, and might 
readily cause the fall of some steep sIope.s. The phenomenon known a.s 
“creeping” might also occur, which would cause the slopes to gradually 
work downwards. 

Probable Changes of LinniS.— -There is strong evidence for at least 
one change of the kind within recent times, in the crater Liiiiie. Lohr- 
mann says; “The second crater on the plain . . . with a diameter of 
somewhat more than one German mile, is very deep and can be seen in 
every illumination”. Beer and Madler selected it as a point of the first 
order in their survey, and describe it as li German mile in diameter; 

“Near the Full Moon it was a white spot, almost as white in the middle as at 
the edges. . . . The deepness must have been considerable, for I have found an 
interior shadow when the sun had an altitude of 30 degrees.” 

The first announcement of a change was made in 1S66 by Schmidt, 
who says; 

“I missed Linne, or rather its crater form, which at that time ought to have 
shown with especial distinctness and deeply shadowed 

Since then the appearance has been a whitish cloud, with feint ridges 
indicating a large ruined ring, and a very small crater within the oval. 
There would be no doubt of a change but for a rather vague description 
by Schroter in 17S8, which .seems to agree rather better with the modern 
aspect. Even Shaler, who is reluctant to admit any change in recent 
times, remarks: 

“l am inclined to think that the case of Linne is the strongest, and that the 
walls of that: vuleanoid may have ■ • .. . fallen into the original cavity, so as to leave: 
Only a small pit unfilled .. 
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The wliite spot round Linne is interesting as being one of the regions 
where Professor VV. H. I'ickering traces the deposit of hoar frost. He finds 
that the size of the spot varies regularly during the lunar day, and that 
it is also modified b)-’ eclipses, which seems to imply a temperature effect. 
He even .suggests that certain variable dark spots near the places \vhere 
the vapour is supposed to issue may be a low type of vegetation supiJurtecl 
by the.se vapours; but this is extremely speculative. 

Ghanges TN THE TWIN C-RATERS Me.ssier. — Another case of sup- 
posed variability is that of the twin craters Messier, whicli are said to 
undergo a cyclical change of shape in the course of a lunar day. It is 
not certain that the change is more than optical, but if real it may arise 
from the expansion and contraction of a great mass of rock so balanced 
as to be free to slide to and fro. 

The Great Mountain Ranges. — Resides the vulcanoids there 
are several continuous ranges on the Moon. Many of these are given 
terrestrial names from a supposed resemblance, which is not, however, 
borne out on a closer study. Thus we have the Alps, the Apennine.s, 
and the Caucasus. Professor Shaler classes these with the lumps of lava 
on the floors of the vulcanoids, concluding that they belong to a late 
period of eruptive activity, when the lava was too viscid to flow at all, 
but remained in great .shapeless lumps just as it was extruded. They 
seem in some cases to have destroyed vulcanoids, showing their more 
recent date, while the few small vulcanoids to be found among them, 
such as Conon in the Apennines, may have arisen from a slight recru- 
descence of the earlier form of activity. 

Pr];s.sure Ridges and Faults.— The only form of lunar mountain 
in which Shaler admits a terrestrial analogy are the long, low, curved ridges 
which occur on the floors of the Maria; these from their shape at (.mco 
suggest that they are pressure ridges, caused by the cooling and contrac- 
tion of the crust. This action in other cases led to fimlts and valleys, 
such as the Great Valley of the Alps. This is 8o miles long and about 
4 miles wide, having very steep, nearly straight walls, exhibiting none 
of the rounding, scouring action that water produces in our valleys. The 
so-callefd 7^27/.!' seem to be similar fliults on a smaller scale; there is one 
notable case where the two sides of the fault differ tooo ft. in altitude; 
this is the Straight Wall of Thebit, which runs in a straight line for more 
;tban:;60;,;iniles. . ; . , V ; ‘ 

I’l-fE Bright Rays. — The contraction and cracking of the. crust may 
also be responsible for the great systems of Bright Rays, the most ijcriflcx- 
ing of all the lunar features. These extend radially from a number (.if 
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REGION OF MARE SERENITATIS 
AND THE APENNINES 

The oval dark region low left on the Plate is the Mare 
Serenitatis; the winding ridge near its left-hand boundary is 
one of the best examples of the pressure ridges on the Maria, 
mentioned in the text as the nearest counterpart on the Moon 
to terrestrial mountain ranges. A little to the right of this 
a bright ray (one of the Tycho systeni of rays) will be seen 
crossing the Mare obliquely from top to bottom. There is 
a small crater where it enters and leaves the Mare, and others 
along its course, from which Professor Shaler concludes that 
these rays are probably caused by fractures along lines of 
weakness, and that the cracks may have taken place successively 
from crater to crater. The arrows at the right and bottom of 
the Plate point to Linne, which now appears only as a whitish 
cloud, but which was formerly described as one of the most, 
conspicuous craters on the Mare; this is considered the best- 
established case of change on the Moon’s surface in recent 
times. To the right of Linne, and running to the edge of 
the Plate, are the Apennines, the largest mountain range on 
the Moon. The slope on the upper (south) side is gradual, 
on the lower side very precipitous. 
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centres, sucli as 'IVcho, Copernicus, Kepler, &c. Those of Tycho are far ! 
the most extensive, one i-ay going across the Mare Serenitatis and to the i 
edge of the disc, a distance of 2000 miles. They run indifferently over hill 
and valley, mare or bright region, showing their late date, since if earlier : 
than the other formations they could hardly fail to have been obliterated by 
them. It was long ago suggested that they bore a resemblance to cracks 
in glass or some, similar material, through which vapours from the interior ; 
might have exuded, which condensed into crystals on the ground; and ^ 
this idea, though modified in the details, still remains the best explanation. 
Professor Pickering has noted that the verj? long Rays are broken up into 
sections divided by craterlets, which he supposes to mark the limits of ; 
successive stages of the cooling and cracking proces-s. The continuation 
of the previous crack would be a line of weakness, just as a split in wood 
is likely to extend itself in the same line. One feature of the Raj's is that | 
they are inconspicuous when the Moon is young, and gradually become ' 
more conspicuous as she waxes. This supports the cry.stalline nature 1 
of the formations, since the crystals would not reflect light equally in all 
directions, but in certain definite ones. 

Mr. Tomkins has recently noticed deposits of salt in India which .seem 
to present similar features on a smaller .scale. M. Trouvelot observed that ■ 
several of the Rills are continued beyond their extremities by thin white 
line.s. This suggests that the vapours emerging were not sufficiently con- ; 
densed where the Rill was wide to form a visible deposit, but could do so 1 
at their narrow extremities. .1 

In the survey just giv'en of the Moon’s surface, Professor Shaler’s 
theories have been closely follow'ed, not as being the only tenable ones, ' 
l)ut because they form a consistent whole, and are at least as probable ; 
as any other. They are, further, the work of an eminent geologist, and 1 
therefore inspire considerable confidence; indeed, there is only one point i 
open to serious criticism, that is the invoking of e.xternal bodies (the 
supposed bolides) to .account for the Maria. 

There is one puzzling question raised by Professor Shaler, i.e. how is t 
it that the fall of meteors on the Moon, which must be as dense as those 
falling on the Earth, has not covered all the markings with a veil and i 
obliterated the differences of tint? It has, however, been calculated that f 
even if the atmospheric density at the surface be onl}'’ of that on 

Earth (a quantity which it may well exceed), then, since the rate of decre;isc 
is so much slower than on the Earth, at a height of something over 40 i 
miles the densities of the atmospheres would be equal, and at still greater 
heights that of the Moon would be the ■denser. Now most of the meteors 
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that: enter our air are completely burnt up at greater heights than this, 
so that the thin lunar atmosphere may actually be as effective for stopping 
meteors as our own. Of cour.se most of the dust would in time settle down 
on the surface, but in such an impalpable form that it migiit be difficult to 
trace its presence, 

C0NCLU.SION OF .SURVKY OF SoLAR Systhm.— We have HOW com- 
pleted our survey of tlie Solar System, in which our object has been to note 
those features which seemed to throw light on the manner of develoirmcnt 
of the different worlrls. We have .seen that they are at various stages of 
growth, from the Sun, which is still an infant in development, though 
doubtless the oldest of all in absolute age, through the giant planets, which 
are a few stages more advanced, to our own Earth in middle age, Mars, 
which is probably in decrepitude, and finally the Moon, which seems to be 
a dead world. 


CHAPTER VI 
THE STARS 

Other Suns than Ours. — It will be remembered that we made 
a comparison between the different worlds and the trees of a forest. To 
return to this figure, wc may liken the Sun to a tree which has a number 
of shrubs and smaller plants growing around it, some just putting forth 
their leaves, others in full flower, others dying, and a few dead and 
withered. Now we shall suppose that in the distance wc can see a number 
of other large trees, too far away for lus to study in detail, or to .see the 
smaller plants growing around them. Yet it will be profitable to examine; 
them, for it is the only way in which wc can hope to gain any (.uxpen’imental 
knowledge of the growth of large trees, since our time eff obsejrvation is ioo 
limited for us to hope to see any change in the sepeiratc trees while wc 
watch them, but we may expect to see specimens at various .stages of 
growth, and possibly to detect different species, which pass through similar 
/butmotudeilfical stages. ■ ' 

Fixed Stars and Nebulae. — ^The Fixed Stars offer a close analogy 
to the,se distant trees, and we turn to them to see what light they can 
thro^v on the Sim’s pa,st and future. In the same region wc shall find 
the NebuUe, which seem to be inchoate systems at the very outset of their 
career. , , ' ■ 

The Universe of Stars,— T he Solar System, huge as it is, i.s .sur- 
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rounded by such a very much larger region of empty space that it seems 
small in comparison. It has been likened to an oasis i mile acros.s in a 
desert twenty times the size of the Sahara. Beyond this great abyss lie 
the Fixed Stars, so called because the ancient observers could detect no 
change in their configuration. They, of course, noted the daily rotation of 
the star sphere and the precessional change, which causes the pole of rota- 
tion to slowly sweep out a circle in a period of about 25,000 years; but 
these were only cau.sed by the Earth spinning and reeling like a mighty 
top, and did not involve any shifting of the stars into- se. 

Immense Distance of the Stars. — The absence of such .shift was 
felt to be a seripus difficulty in accepting the Copernican doctrine that the 
Earth was revolving round the Sun, for it 
implied that the stars were at an almost 
inconceivable distance. As observing 
methods became more precise, constant 
efforts were made to detect such a shift, 
but these efforts, though rewarded by 
many interesting discoveries — such as 
aberration of light, nutation or the nod- 
ding motion of the Earth’s axis, and the 
revolution of double stars, — long remained 
abortive in this special respect. To point 
out the full significance of their failure, it 
should be explained that the base avail- 
able in this problem is not merely the 
diameter of the Earth, as it was in finding the Sun’s distance. Once 
that distance was determined tlie diameter of her orbit became available, 
giving a base of 186,000,000 miles; yet even this huge base is as nothing 
compared with the stellar distances, and in only a few cases have we even 
now been successful. 

The Nearest Stars.— Bessel was the first to touch bottom in the 
sounding of this ocean of space; he detected that the star 6i Cygni ap- 
peared to describe each year a tiny ellipse about f second in length, imply- 
ing that its distance i,s 500,000 times that of the sun, f.r. 47,000,000,000,000 
miles, a distance of which we can form some conception by noting that 
light, which takes 8:|- minutes to travel from the sun, takes four hours from 
the outermost planet Neptune, but eight years from the star in the Swan ! 
Such is the character of the interval between star and star. It has now 
been found that there are a few somewhat nearer to us, our nearest neigh- 
bour being Alpha Centauri (fig. 6), a bright star too far south to be visible 
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Fig. 6. — Diagram showing ibc Sputhm-n Cross 

visibly in Europe. 'Ihe two coinponents. of 
Alpha Centauri appear as one on the scale of 
this diagram. 
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in Europe, which is half the distance of 6i Cygni, or four years of light 
journey. At such gigantic cUstance.s it is obvious that the .stuns cannot 
.sliine like tlie planet.s, merely by reflecting the Sun's light. They are, in 
fact, tlie peer,s of the Sun, many of them greatly exceeding him in splen- 
dour, and perhaps forming the centre.s of still grander retinue.s of vvorld.s. 

The Number of the Stars. — The .stars of heaven have for age.s 
.stood a.s the .symbol of an innumerable host. The number visible to the 
naked eye at once i.s, however, smaller than is usually imagined, and seldom 
exceeds 2000, If we include the whole sphere, the number that can be 
seen by a normal eye is about 5000. The slightest increase of optical 
power g'reatly increases this number, and it is estimated that the number 
visible with our largest telescopes lies between 100,000,000 and 1,000,000,000. 
The problem of ascertaining their constitution and motions is thus a 
gigantic one, which we can never hope to accomplish in its entiret)'. Still 
there has been immense progress, ima-e especially since the introduction 
of the camera and spectroscope, and di.scoverie.s have been made which 
would have been deemed impossible a centur)' ago. 

Brightness and Colour of the Stak.s.— The nio.st casual inspec- 
tion of the sky shows that “One star differs from another star in glory”; 
there is a difference both in brightnos.s and in colour. The fljrmer may 
arise either from difference in the di.stance or in the real light power; we 
cannot say which, unless the distance has been measured. We arc on safe 
ground in saying that fainter stars arc on the average the more di.stuul, 
but we cannot rely on this in individual ca.se.s, since tliere i.s known to be 
a very wide range of real lustre, d’ho colour difference is independent 
of distance, and forms a most valuable criterion of the star’s condition, 
and the stage of growth that it has reached. The s;)ectroscope is here 
an invaluable aid, for it analyses that colour difference and show.s ho\\' it 
arises, 

STELLAR Ty,PES 

Helium AND Sirian Type. — Stars have been divided into a number 
of types, according to the character of their spectra. Type J consists of 
blui.sh-white stans, of which the most comspicuous example is Sirius, the 
brighte.st of all the stars.. Their spectrum is much simpler than tliat of 
the; Sun, and evidently they pos.se.ss atmospheres which h:i.ve but little 
absorptive power, v'ith the exception of the absorption line.s of lijulrogen, 
which arc marked with extraordinary distinctness. Owing to the sligln 
absorption the spectrum can be studied far down beyond the violet, and 
a series of hydrogen lines has been found here, making with th(,we in tlie 



VARIOUS SPECTRA 


This plate (kindly drawn for this work by E. M. Antoniadi) shows 
the various types of spectra to which reference has been made. 

1. The principal lines in the spectrum of glowing Hydrogen. 
The first three of these lines are the C, F, G lines in the Sun’s 
spectrum. 

2. The brilliant double line in the yellow given by glowing 
Sodium. This is the D line in the Sun’s spectrum. 

3. The Solar spectrum. The heavy lines marked H are due 
to Calcium ; these are the lines generally used with the spectro- 
heliograph for obtaining the Flocculi. 

4. The spectrum of Sirius; the Hydrogen lines are very strong. 
A. series of these is shown in the Ultra-Violet, which is not exhibited 
by terrestrial hydrogen, but their hydrogen origin is shown by the 
rhythmic series they make with the known lines. 

5. Spectrum of .Mpha Orionis (Betelgeux). 

6. Spectrum of Alpha Herculis (type of banded spectrum). 

7. Spectrum of Omicron Ceti (Mira) photographed at Stonyhurst. 
Bright lines are here superposed on a continuous spectrum. 

8. Spectrum of Titanium in flame of arc. 

9. Spectrum of the star 78 Schjellerup. 

to. Spectrum of Uranus, showing absorption bands. 

11. Spectrum of comet Encke, 1871. 

12. Spectrum of the nebula Herschel 4374- (after Huggins). 

I, 2, 12 are emi.ssion spectra of gases ; the others are absorption 
spectra produced by the light from a solid or liquid luminous source 
shining through an absorbing atmosphere of gases which are at 
a lower temperature than the source. The apparent colours of 
the spectrum (proceeding from left to right) are Red, Orange, 
Yellow, Green, Blue, Indigo, Violet. 
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visible spectrum a remarkable rhythmic series. The helium stars form 
a sub-class of Type I; they show plainly the lines of the gas helium, long 
known to exist in the Sun’s surroundings, but only lately found on Ifarth. 
The fact that this gas is one of the emanations of radium makes its 
presence in the stars of special significance, for it may be the source of 
some of their immense stores of energy. Professor Newcomb, in Ins 
The Stars, a Study of the Universe, gave a remarkable prediction of the 
discovery of the radio-active substances: 

“What we see must therefore suggest at least the possibility that all shining 
heavenly bodies have connected with them some source of energy of wliich science 
can as yet render no account. Facts are accumulating which converge to the view 
that forms of substance exist which are neither matter nor ether, . . . in which is 
stored an almost exhaustless supply of energy.” 

Solar Type. — Stars of the second type have a golden tinge; to this 
our own Sun belongs, so it is sometimes known as the solar type. Tlie 
golden hue is due to a smoke veil, or obstructing layer in their atmosphere, 
which absorbs much of the violet light. It follows that since more of the 
light of solar stars is stopped by their surroundings, if a sirian and solar 
•Star appear to us equally luminous the latter is likely to be more massive 
(the distances being supposed equal). This is confirmed in the case of 
those .stars whose mass we can find by the presence of a companion 
revolving round them.. Thus Sirius is about eighty-three times as bright 
as our Sun would appear at the same distance, but only twice as heavy; 
while Alpha Centauri seems to be like our Sun in all respects — spectrum, 
size, mass, and density. Arcturus and Aldebaran are examples of Type II, 
but the spectrum of the latter is modified by the great absorption at the 
violet end, which gives the star its decided red colour ; it appears in con- 
sequence much fainter in photographs than to the eye. 

Red Stars of Third Type. — We now come to red stars proper, 
which are divided into two classes. Both have banded spectra, but the 
bands are of different characters. The third type are sometimes called 
after Antarcs, their principal member. They resemble Type II in having 
many metallic lines, those of calcium, iron, sodium, and magnesium being 
conspicuous; but superposed on these are a series of dark bands, with 
sharp edges towards the violet, and .shading off gradually in the other 
direction. Professor Fowler found in 1904 that most of these were due 
to oxide of titanium. Many of the Type III stars are variable, and it is 
probable that they are nearing the end of their career as suns and that 
their fires are beginning to flicker. 
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Red Stars OE Fourth TyPE.-— The stars of Type IV are intensely 
red, and all faint. Their .spectra are likewise banded, but the gradation 
of the Ijand-s is in the other direction, being sharp at the red end. These 
band.s are due to carbon and cyanogen; the .spectra al.so contain .some 
bright lines, indicating the presence of some inten.sely glowing ,gase.s in 
tlicir atmospheres. Frofessor Male thought that Tyites III and [V were 
two alternative route.s along which stars might pass to c.\tinotion, but 
Miss A. Clerke gives a good reason against this view, A?, that T3’]-ie IV 
star.s arc not .scattered uniformly over the skj^-, but are stronglj' condensed 
tow'ards the “ Milky Way ”, a region which we have reason to think i.s ver)' 
remote. This seems to show that the stars of that region end their career 
as suns in a different manner from orbs in our neighbourhood. 

Fifth and Sixth Types. — Types V and VI seem to consist of .stans 
at a very early .stage of their career that are still largely gase(ju.s. This is 
shown by their .spectra containing vivid bright lines superposed on tlie 
continuous spectrum. In Type V the lines brightened are chiefly those 
of hydrogen and helium, and the brightness is subject to capricious 
changes, the cause of which is unknown. Type VI, like IV, is confined 
to the Milky Way, thus again implying that stars in that region of space 
are differently constituted from our nciglibours. Stans of this type show 
some bright lines in the blue and j^clluw, one being identified with 
hydrogen by its relation to the rhythmic series, though terrestrial ex].)eri- 
ments flul to show it, so that it indicates some conditions unknown on 
Earth. Mr. M'Clean detected the lines of oxygen in Gamma, Velorum, 
the brightest star of this type. It is curious that this gas, so common on 
Earth, very rarely leaves its traces on celestial spectra; a trace of it is, 
however, found in the solar spectrum. No metallic lines are seen in 
Tj’pe VI spectra, which probably clenotc.s a very early stage of devclop- 
■■ment, ' 

NFJiULAi; 

Nebul-.'E with Central Star.— Wo now come to the class of 
Nebuhe, which in its turn has many subdivisions. There are some small 
round bright nebuke that seem almost stellar, with a star in the centre. 
It was the discovery of one of these in Taurus that led Sir W. Herschel to 
the idea that a shining fluid exists in space. Science abandoned tin's view 
for a time in favour of the idea that the nebuhv. were all clusters too remote 
for the .separate stars to he seen. Herschcl’s view, however, has been 
demonstrated bj'- the spectroscope, 

Fi.anktarv Nebulaj.— T hese make up a second clas.s, and look lilcc 



THE GREAT NEBULA IN ANDROMEDA 


Reproduced by kind permission of the Director of Yerkes 
ObseiMitory. The true structure of this nebula was unknown till 
it was revealed by the photographs of Dr. Isaac Roberts, and 
subsequently in still more detail by that here reproduced. It is 
seen to be an immense flat spiral viewed obliquely; the dark markings 
are the gaps between the whorls of the spiral. .Some hiininous 
masses in the neighbourhood have evidently been detached from 
the nebula. Many consider that these spiral ncbuUe give a due 
to the mode of formation of the Solar System. 
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Red Stars of Fourth Type. — The stars of Type IV are intensely 
red, and all faint. Their spectra are likewise banded, but tlie sj-nuJation 
of the bands is in the other direction, being sharp at tlie red end. These 
bands are due to carbon and cyanogen; the spectra also contain some 
bright lines, indicating the presence of some intensely glowing gases in 
their atmospheres. Professor Hale thought that T^'pes III and IV were 
two alternative routes along which stars might pass to extinction, l:>ut 
Miss A, Clerke gives a good reason against this view, f.r. that Tyi^e IV 
stars aj-e not scattered uniformly over the sky, but are strongly condensed 
towards the “Milky Way", a region which we have reason to think is very- 
remote. This seems to show that the stars of that region end their career 
as suns in a different manner from orbs in our neighbourhood. 

Fiftpi and Sixth Types. — Types V and VI .seem to consist of stans 
at a very early stage of their career that are still largely- gaseous. This is 
shown by their spectra containing vivid bright lines superposed on the 
continuous spectrum. In Ty'-pe V the lines brightened are chiefly tho,se 
of hydrogen and helium, and the brightness is subject to capricious 
changes, the cause of which is unknown. Type VI, like IV, is confined 
, to the Milky Way, thus again implying that stars in that region of space 
are differently constituted from our neighbours. Stars of thi.s type show 
some bright lines in the blue and yellow, one being identified with 
hydrogen by its relation to the rhythmic series, though terrestrial experi- 
ments fail to show it, so that it indicates some conditioms unknown on 
Earth. Mr. M'Clean detected the lines of oxj'-gea in Gamma Vcloi-uni, 
the brightest star of this type. It is curious that thi.s gas. so common on 
Earth, very rarely leaves its traces on celestial spectra; a trace of it is, 
however, found in the solar spectrum. No metallic lines are seen in 
Type VI .spectra, which probably' denotes a very early' stage of develop- 
Vment. ; i 

. NEBUL^ih 

Nebul/e with Central Star.— We noiv come to the class (jf 
Nebulm, which in its turn has many subdivisions. There are some smrdi 
round bright nebuke that seem almost stellar, with a star in the centre. 
It was the discovery of one of these in Taurus that led Sir W. Hersclid to 
; the; idea that a shining fluid exi.sts in space.; . . Science abandoned this view 
for a time in favour of the idea that the nebula; were all clusters too rennote 
for the sejiarate stars to be seen. Herschcl’s view, however. h;is Ircen 
demonstrated by' the spectroscope.: 

Planetary NebuL/E. — T hese make up a second cla.ss, and look like 



TMK GREAT NEBULA IN ANDROMEDA 

Reproduced liy kind permission of the Director of Yerkes 
OVjservatory. Tire true structure of this nebula was unknown till 
It was revealed by the photographs of Dr. Isaac Roberts, and 
subsequently in still more detail by that here reproduced. It is 
seen to be an immense Hat .spiral viewed obliquely; the dark markings 
are the gaps between the whorls of the spiral. .Some luminous 
masses in the neighbourhood have evidently been detached from 
the nebula. Many consider that thestr spiral ncbulre give a clue 
to the mode of formation of the Solar System. 
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‘‘ a ghost; of J upiter It was otie of them that Sir W. Huggins first 
tested spectroscopically, finding the bright-line spectrum of glowing gas; 
the most conspicuous line is in the green, from an unknown gas which has 
been named nelndium. Other classes are ring, spiral, double, and irregular 
nebute. . 

Spiral Nebui-AI. — These constitute an especially important class. 
Before the camera wa.s applied, one specimen was known, the Great 
Spiral in Canes Venatici. Photography revealed the true structure of 
the Andromeda Nebula, showing that it was a magnificent spiral .seen 
obliquely. Since then photographs taken rvith the Cro.sslej' reflector at 
Mount Hamilton show that spirals are to be counted by the thou.sand, 
and we seem to sec in them the actual process of formation of worlds and 
s}’stems. It would appear that the original hypothesis of Laplace, of a 
great nebulous .sphere shedding successive rings, must be abandoned. We 
see an immense flat disc split up into concentric whorls, some of which 
have already separated from their parent, and appear as independent 
nebula; ; a process which we may presume will continue till the whole is 
thus distributed into planets like the solar system on a grander scale. For 
our system, at the distance of the nebulae, would appear as an insignificant 
point, while some of them are of great apparent size. 

Irregular NeduL/E. — The status of these is doubtful. They assume 
all. manners of fantastic forms, and in many' cases have received names to 
match; thus we have The Crab, The Owl, The Dumb-bell, The Keydiole, 
The America (which bears a strong resemblance to the map of North 
America), and The Spindle. Tlie most remarkable of all, the Great 
Nebula in Orion, has a portion known as the “Fish's Mouth", a curious 
dark indentation containing a trapezium of stars, whose connection with 
the nebula is suppo.secl to be real, not merely optical. Even with slight 
optical means the splendour of this nebula is evident, but the camera has 
extended it enormously. Professors Bickering and Barnard have obtained 
photographs showing “ An enormous curved nebulosity encircling tlie belt 
and the great nebula, and covering a large portion of the body of the 
Giant In comparison with this the old trapezium nebula “ is but a 
; pygmy ”... 

Immense Size of the Orion Nebula.— Professor Pickering con- 
jectures that the Orion nebula is looo light-y'ears distant from us, in 
which case the cliameter of this stupendous whorl is some 240 light-years, 
a magnitude too great for the mind to grasp. It is difficult to imagine 
that the central nebula can have sufficient mass to control the outliers at 
this huge distance, so that the object is probably undergoing disintegration. 
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The central portion has a complicated filamentary structure, showing;' that 
energetic processes are at work, but we can form no coritX'ijtion of what 
tht'ir outcome will Ijo. From the character of the spectiaun Dr. Scheiner 
deduces that both the density and the temperature arc excecdiuttly small; 
the luminous glow may indicate electrical action. 

Tliat .shining is not a ncce.s.sary attribute of nebula; wa.s shown liy tiic 
nebula round Nova I’ersci in fpoi. This e.xpaiuied so rapidly that it 
evidently could not be an actual motion of matter, but probabl}^ succo.ssive 
regions of the nebula (which already e.visted in a dark condition) were 
made to glow as the radiations of the outburst reached them, d)’ing out 
again when it had passed. Another indication of dark nebulo.'^ity i.s 
perhap.s shown by the lanes void of stars which are seen near many 
nebulm. These may indicate non-lmninous matter, which is, however, 
capable of .stopping light. We cannot tell whether all nebula; will be 
transformed into .systems of worlds, or whether only a snudl portion of 
them are destined for thi.s end. In the case of many of the irregular ones 
it is at least difficult to .see any tracers of a tendency in this direction, 

DISTANCES AND MOnit)NS OF 'ITIE STARS 

Slowness of Movement. — We now kimw that the designation 
"Fixed Stans*’ is not .strictly ap]>licahle, but the motions of thc.se bodies 
are so slow that the)' can' only be deteeled iry refined observations. We 
now pos.scss accurate observations covering ego years, begiuaiup; with 
Bradlcy’.s work at Greenwich, and the motion of some .stars in this 
interval is considerable. For example, Arcturus nK)vcs 2.} .seconds a year, 
and has moved il degree since the time of Hipparchus, s<,» that were he 
to view the heavens now he might detect the shift oven with the naked 
eye. A few stars have more rapid motioms; the quickest yet known is an 
eighth-magnitude southern star, which moves at four limes the pace <jf 
Arctiiru.s. These, Innvever, are exceptional cases, and generally a century 
must elap.se before a distinct .shift can be detected, 

Use of SrECTROSCOTE. — These motions help us to form an idea of 
■stellar distance.s. A.s a rule the more rapidly moving stars are the nearer; 
but this cannot be pressed too much, for the real rate of motion varies 
greatly. Of late years a new- and powerful method has been used, f.c. that 
of apjdying the .spectroscope to examine the rate of approach or recc;ssion 
of .Stans by the .shift of the lines of some known substance in their s])ecirum 
compared with that of the same substance on Earth, The value of tlie 
method is that it is independent of the distance of the object. Naturally 



THE GREAT NEBULA IN ORION 


Reproduced by kind permission of the Director of the Yerkes 
Observatory. Shows the immense size, complicated form, and 
curious tree-like structure of this astonishing object. 
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attempts have been made to explain the stellar motions, like the planetary 
ones, by revolution round some central body; and it was for a time 
thouE^ht that Madler had found the centre in the iiioup of the I’leiades. 
But the idea has not stood the test of time, and it is now reco^ni;:ed that 
the plan of the stellar motions is less simple than this. It is not even 
certain that the universe of visible stars is destined to kee|j permanently 
together. A few stars in it, notably Arcturus, ha\'e .speeds of se\'eral 
hundred miles per second, which is probably too great for the other stars 
to control. 

Motion of the Sun— Star Drifts.— Another quest of astronomers 
has been to find the direction and rate of the Sun’.s motion. We may note 
that this can only be done on the assumption that the group of .stars 
employed for the purpose has no tendency to drift in one direction rather 
than another (in other words, that its centre of gravitj^ is at rest). On this 
assumption Sir W. Herschel found that the sun is moving towards a point 
in Hercules, and many more recent computers have deduced a point in the 
same direction, but with decided differences according to the group of stars 
selected, showing that the initial assumption is not quite justified. During 
1906 Professor Kapteyn and Mr. Eddington have shown that the stars 
around us belong to two drifts, each of which has a general tendency 
to drift in a certain direction, though the individual stars have motions 
special to themselves in addition to this. 

The sun appears to belong to Drift II, which is mainly composed of 
stars with the solar type of spectrum, and in consequence the relative 
motion of Drift II is smaller. There are man)^ instances of groups of stars 
travelling in company; thus, five out of the seven star.s in the “ Plough” or 
“ Great Bear " are found to be fellow travellers, .so that they have a real 
connection, not a merely optical one. The other two have an entirely 
different motion, so that in the course of thou.sands of j-ears the group will 
quite change, its appearance. Attempts have been made to find stans, 
drifting in company with our Sun, but hitherto none have been found with 
rate and direction of motion near enough to his to show a close connection. 
If such stars exist, they would seem to have no iJroper motion, but a large 
annual parallax (as the shift produced b}^ the Eartlf.s motion is termed). 

EXT.ENT AND SHAPE OF OUR STAR-CLUSTER (THE UNIV,ERS1':) 

Grouping of Stars in Relation to Milky Way.— P roceeding to 
the question of the size and .shape of the group of stars that fall within 
our ken, which we call the Univer.se, many computers have deduced that 
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the star density gradually increases as we pass from the poles of the Milky 
Way up to this zone. This is the case with bright and hiint stars alike, 
and the inference is clear that this is not a small .structure in our imme- 
diate neighbourhood, but the framework on which the whole visible uni- 
verse is built. Counting stans of magnitude pi and brigiiter, tliere are 
three [ler square degree at the poles of the Milky Way, and the number 
increases steadily up to 6J in this belt. The Ilerschels made similar 
counts, including much fainter stars, and found too per square degree in 
the first regions, 2000 per square degree in the Milky Way. 

It is probable from this that the crowding in this belt is not merely a 
perspective effect, but that .space in that region is actually much more 
crowded with stars. This is confirmed by the phenomena of Xeiv Stars, 
which appear without exception in the Milky Way or its outliers. It is 
generally agreed that tlie.se are due to some form of collision, and as stars 
in our neighbourhood are altogether too thinly strewn to give a sufficient 
number of such collisions, wc again arrive at the conclusion tliat the region 
of space in question is much more densely populated. 

Dr. A. R. Wallace’s Ti-iEORy. — It will be remembered that in 1903 
Dr. A. R. Wallace published an article suggesting that the ICarth was the 
only planet in our system, and our system the only one in the univer.se, 
suitable for the abode of intelligent inhabitants. The first point may be 
granted as not unlikely. As regards the second, it may be that tlie greater 
crowding of the Milky Way region, the different types of .spectrum that 
prevail there, and the colli.sions that seem to occur pretty fr(.:i.|uently, 
indicate that the orbs there present have a different part to play in the 
scheme of creation from our own Sun. But to say that tlie central 
situation of the latter is unique is quite unwarranted by the evidcnci;; we 
do not know that it is in the exact centre, only that it is towards the 
“Midland Regions”. There arc thousands of other stars with an equal 
claim to centrality, and many of these seem from their .spectra to closely 
resemble our Sun. In short, while the evidence justifies us in saying that 
the conditions for habitability by higher forms of life are somewhat ex- 
cc'iJtional, it by no means justifies us in asserting that they are only pre.sent 
.on this one world in the universe. 

Star Denrsity of the Universe, — Frofes.sor Newcomb has en- 
deavoured to determine the star density in oiir region of space by a fiis- 
cussion botli of the parallaxes and proper motions. His conclusion is that 
there is, on the average, but one star in a volume equal to that of a sphere 
■vvho.se radius is 400,000 times the Earth's distance from the .sun. A radius 
500 times this, or about 3000 light-years, would contain 125,000,000 stars, 
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which is probably as many as our best instruments would show, excluding 
the Milky Way. Hence the confines of our universe, except in the Milky 
Way direction, may ijot be more remote than this. The Milky Way itself 
is proVjably still more di.stant, and Professor Newcomb gives reasons for 
concluding that none of the stars in it have any sensible proper motions; 
in other words, the stars which have a sensible motion are distributed 
uniformly round us, and show no tendency to concentration in the Milky 
Way zone. 

Brightness and Mass of Stars. — -Some of the bright .stars in this 
zone have no sensible parallax or proper motion, hence they are supposed 
to be at the distance of the Milky Way, and their brightness must be 
thousands of times the Sun’s. Among them are Rigel, Canopus, and 
Alpha Cygni. At the other extreme there are some faint telescopic 
stars with large parallaxes, who.se brightness must be only about one- 
hundredth of our Sun’s, so that stars differ among themselves in bright- 
ness quite as much as planets do. Probably the range in mass is not 
quite so great as in brightness, as in the case of Sirius; yet it must be 
considerable. Surprising as it may appear, it is possible to find the masses 
of many of the stars, i.e. the double stars, w'hich are so important that a 
section is devoted to them. - 

DOUBLE STARS 

Classes of Double Stars. — When it was first realized that the 
stars were suns, it was assumed that they were in all respects analogous 
to ours. Hence, when many wei-e found to be double, it was thought 
that the duplicity was merely optical, one lying far behind the other. 
Sir Vik Herschel’s measures proved, however, that many of these pair.s 
were in visible orbital motion. This opened out a new conception, and 
showed that our type of system, with one absolute monarch, was not 
the only one, perhaps not even the commonest one, for double stars are 
now numbered by thou.sands. They are divided into the two classes 
of Wrart/ and Spectroscopic. . 

Spectroscopic Double StARS. — These have been discovered by 
the chai'acter of their specti'a. The lines in some cases double periodi- 
cally, in otlrers show a periodic rhythmic shift. This can be completely 
explained in each case on the hypothesis that we have here a pair of 
slar.s so close together that they cannot be seen separately. In the first 
case both are bright, in the second case one is obscure, but still suffi- 
ciently massive to cause the brighter one to move in an orbit, and to 
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the star density gradually increases as we pass from the poles of the Milky 
Way up to this zone. This is the case with bright and faint stars alike, 
and the inference is clear that this is not a small structure in our imme- 
diate neighbourhood, but the framework on which the whole visible uni- 
verse is built. Counting stars of magnitude 9-^ and brighter, there are 
three per square degree at the polos of the Milky Way, rind the number 
increases .steadily up to in this belt. The 1 -Jerschels made similar 
counts, including mucli fainter stars, and found 100 per square degree in 
the first regions, 2000 per square degree in the Milky Way. 

It is probable from this that the crowding in this belt is not merely a 
perspective effect, but that space in that region is actually much more 
crowded with stars. This is confirmed by the phenomena of New Stars, 
which appear without exception in the Milky Way or its outliers. It is 
generally agreed that these are due to some form of collision, and as stars 
in our neighbourhood are altogether too thinly strewn to give a sufficient 
number of such collisions, we again arrive at the conclusion that the region 
of .space in question is much more densely populated. 

Dr. a. R. Wallace’s Theory. — It will be remembered that in 1903 
Dr. A. R. Wallace published an article suggesting that the Earth was the 
only planet in our system, and our system the only one in the universe, 
suitable for the abode of intelligent inhabitants. The first point may be 
granted as not unlikely. As regards the second, it may be that the greater 
crowding of the Millcy Way region, the different types of spectrum that 
prevail there, and the collisions that seem to occur pretty frequcutl)', 
indicate that the orbs there present have a different part to jilay in tire 
scheme of creation from our own Sun. But to say that the central 
situation of the latter is unique is quite unwarranted by the evidence; we 
do not know that it is in the exact centre, only that it is towards the 
"Midland Regions”. There are thousands of other stars with an equal 
claim to centrality, and many of these seem from their spectra to closely 
rc.semble our Sun. In short, while the evidence jiustifies us in saying that 
the condition.s for habitability by higher forms of life are .somewhat ex- 
ceptional, it by no means justifies us in asserting that they are only present 
oil this one world in the uiiiver.se. 

Star Density' of the Universe.— -Profes-sor Newcomb ha.s en- 
deayouied to determine the star density in our region of space by a di.s- 
cussion both of the parallaxes and proper motions. His conclusion i.s that 
there is, on the average, but one .star in a volume equal to that of a .sphm-e 
u'hose radius is 400,000 times the Earth’s distance from the .sun. A mdiu.s 
500 times this, or about 3000' light-years, would contain 125,000,000 stars, 
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which is probably as many as our best instruments would show, excluding 
the Milky Way. Flence the confines of our universe, except in the Milky 
Way direction, may qot be more remote than this. The Milky Way itself 
is probably .still more distant, and Profes.sor Newcomb gives reasons for 
concluding that none of the stars in it have any sensible proper motions; 
in other words, the stars which have a sensible motion are distributed 
uniformly round us, and show no tendency to concentration in the Milky 
Way zone. 

Brightness and Mass of Stars.— Some of the bright stars in this 
zone have mo sensible parallax or proper motion, hence they are supposed 
to be at the distance of the Milky Way, and their brightness must be 
thousands of times the Sun’s. Among them are Rigel, Canopus, and 
Alpha Cygni. At the other extreme there are some faint telescopic 
stars with large parallaxes, whose brightness must be only about one- 
hundredth of our Sun’s, so that stars differ among themselves in bright- 
iiess quite as much as planets do. Probably the range in mass is not 
quite so great as in brightness, as in the case of Sirius; yet it must be 
considerable. Surprising as it may appear, it is possible to find the masses 
of many of the stars, i.e. the double stars, which are so important that a 
section is devoted to them. 

DOUBLE STARS 

Classes of Double Stars. — When it was first realized that the 
stars were suns, it was assumed that they were in all respects analogous 
to oursi Hence, when many were found to be double, it was thought 
that the duplicity was merely optical, one lying far behind the other. 
Sir W. Herschel’s measures proved, however, that many of these pairs 
were in visible orbital motion. This opened out a new conception, and 
.showed that our type of system, with one absolute monarch, was not 
the only one, perhaps not even the commonest one, for double stars are 
now numbered by thousands. They are divided into the two clas.se.s 
of 7fmeaJ and spectroscopic. 

Spectroscopic Double Stars. — These have been discovered by 
the character of their spectra. The lines in some ca.ses double periodi- 
cally, in others show a periodic rhythmic shift. This can be completely 
explained in each case on the hypothesis that wc have here a pair of 
stars so dose together that they cannot be seen separately,. In the first 
ca.se both are bright, in the .second case one is obscure, i 1 1 i still .suffi- 
ciently massive to cause the brighter one to move in niftlfri t aivi 
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alter Its speed of approach to, or recession from, our .system, thus 
producing the shift in the spectral lines, . 

Some pains liave nearly equal cuin|X)nents, such a.s Alpha Centaiiri, 
Castor, and Gamma Virginis. Othens, like Sirius and Procyon, tliifer 
enormously in brightness, but not so much in mass. Some pairs are so 
wide, and the .stars so bright, that they can be seen d<iui)le with \airy 
slight optical means, others tax oui- powers to the utnu.ist. 

Fkriods OK Revolution. — The periods of revolution vary from a 
few days (in the case of spectroscopic doubles) to five and a half years, 
that of the shortest visual double (Delta Itquulei), .some 350 years for 
Castor, some 800 for 61 Cygni, and doubtless thousands of >’cars for 
other.s. To find the orbits, the observed positions arc plotted in 
diagrams and an ellipse drawn through them. This gi\-es the apfiarcnt 
orbit, which is a foreshortening of the true orbit. To find the latter we 
assume that the laws of gravitation apply to these systems. This is 
not absolutely proved by the observations, but it is rendered a moral 
"certainty. 

Eccentricity of ORBrra. — One striking feature of the resulting 
orbits was first pointed out by Dr. See, i.t\ that the eccentricity is much 
higher than in the planetary orbits. The latter have an average eccentricity 
of one-seventeenth, while that for the former is about one-half, (.u- eight 
times the other. This cannot be an accident, and Dr. See is doulrtless 
correct in ascribing it to tidal action. This would he ver3' great in the 
case of two large orbs revolving almost in contact, and it has been jiroved 
that one of its effects would be to increase the occeiilriciqv. 'I'he tidal 
effects in our system are much less protent, though er’cn here the)- seem 
to have played an important part, notabl)'- in connection with tlie 
.separation of the Moon from the Earth. . 

Evolution of Double Stars.~Wc have already alluded to double 
nebulm, and it is probable that .some double stars may have been funned 
in thi.s way; but in the case of the very close pairs, especially those 
revealed by the spectroscope, it is probable that the separation toolc 
place at a later epoch. The different forms which a rotating mass of 
fluid can a,ssuine under its own attraction have been studied by M. 
Poincare. At first, when the density is small, the shape will be a spheroid, 
lilce Jupiter; then the flattening will increase, and at a certain stage an 
.equatorial protuberance will be developed : 

“The larger part of the matter tends to approach the spherical form, rdiilsi, 
the smaller part projects from the ellipsoid at one of the extremities of the 
longer axis, as though it were trying to detach itself from the larger jiarl: of 
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the mass. It is difficult- to . state with certainty ' what will happen then if the 
cooling continue.s, but one may suppose that the mass will go on deepening 
its furrow more and more, and then it will at last divide itself into two 
separate bodies by the throttling of the middle part.” 

'Fherc. is reason to think that some of the short -period variables 
exhibit the .state of things that arises after a separation of this kind, 
two egg-shaped bodies, revolving almost in contact, with the pointed 
end.s of tire eggs adjacent to each other. As they revolve they sometimes 
present to us the figure of a pair of .spectacle.s, at other times tliat of a 
.single round orb. Beta Lyrm is the best example, and R- Centauri is 
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probably another. Tidal action will cause them to slowly separate, and 
will also make the orbit elliptical. It is quite possible that some of 
tlie variations of light in these cases may be due to the surging tide.s 
of fire sweeping over their surfaces, and causing their luminosity to 
change. 

DOUBLE-.STAR Sv.STEMS AND LIFE. — It is quite unlikely that sy.stems 
ruled by two or more suns can possess the stability necessary for planets 
supporting higher forms of life. Dr. See says of pos.sible planets belonging 
to such systems: 

“ If planetary bodies revolved round either component they would e.vperience 
great perturbations, besides the most violent changes of light and heat. It 
seems probable that planets could not be formed without developing very 
eccentric orbits, and if once in existence it is ■ questionable whether such 
bodies could endure under the violent perturbations to which they would be 
subjected at periastroh passage.” ^ . 



48 astronomy , 

SvsTKM o>' Aj.I’IIA CliNTAURI (fig. 7).— ’It may be of interoHl to 
describe in detail one or two binary systems, taking first our nearest 
neighbour, Alpha Centauri. This consists of two suns, cadi very similar 
to ours in size, mass, brightness, and colour. The eccentricity of their 
orbit is one-half; the average, least, and greatest distance betiveen them 
being respectively 23J, ii, and 36 times that of tlte Ivirth from the Sun. 
In other words, when nearest they arc slightly farther apart tluin Saturn 
from the Sun, when most remote the distance between them i-xceeds 
Neptune’s distance from the Sun. We see the orbit fore.shortened, the 
least apparent distance being li- second, the greatest 22 seconds. The 
, period is eighty-one years, and they have now been accural el}’ observed 
for a whole revolution. 

SV.STEM pK Castor (fig. 8).— 
Another very interesting sy’stem is 
that of Castor, consisting of twex 
bright Stans (of second and third 
magnitudes) which a small tele- 
scoiie will separate. The period 
is long, probably about 350 years,' 
of which Old}'- one-half has }''et been 
observed. In the last few years 
each star has been found to be a 
spectroscopic binary, with a nbn- 
luminons companion. These coin- 
panions were discovered by l>r,s, 
•Belopolsky and Curtis. The periods 
of the two members of each hiinai'}'- 
are about nine days and three da}’S, 
the fainter star being thus some 
six times as massive as the bright, a relation ivhich Mr. Lew'is has found to 
exi,st in so man}' pairs that it seems almost to be established as a general 
rule. This is cpiitc contrary to expectation, for we should expect the 
more massive orb to cool more slowl}', and so to be brighter, but no clue 
has }'et been arrived at to explain the anomaly. We can onl}' roughly 
guess the distance of Castor. .Dr, Curtis put.s it at sixty-five light-years, 
which makes the total mass of the four orbs thirteen limes the Sun’.s; 
but the light of the bright pair would be too times his, so thc}' would 
be relatively much more luminous, which is in accordance with their 
Sirian type of spectrum. 
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STAR CLUSTERS 


The Pleiades. — We are led up through multiple .star.s to s^fv^ clusters, 
where hundreds or thousands of stars are congregated together, evidently 
in physical connection, though the nature of their movements is quite 
unknown. Some are visible to the naked eye, the Pleiades and Praesepe 
being well-known examples. The former group seems to be at an ear!\' 
•Stage of development, the principal . stars being surrounded by nebulous 
appendages. Miss : A. Clerke conjectures that this cluster is 190 light- 
years from us, in which case some sixty of the group .surpass the sun in 
splendour, the leader Alcyone no less than 170 times. The diameter of 
the cluster would be five light-years. 

Globular Clusters. — There are many crowded globular clusters, 
and these are surrounded by long, curved star streams. These, as Miss 
Clerke notes, show the advance of change, either new stars being drawn 
in from outer space, or “full-grown orbs being driven from the nursery 
of suns in which they were reared, to seek their separate fortunes”. It 
is quite possible that some of the clusters may really consist of very 
minute stars, in which case they would be analogous to the zone of 
minor planets in our system. We are wholly ignorant of the conditions 
according to which in one case a single large orb, in another a multitude 
of small ones, is formed, nor do we know the destiny of the latter, nor 
how equilibrium is maintained in these clusters. Sir J. Herschel indi- 
cated a way by which stars uniformly distributed in a spherical cluster 
might all move in ellipses in the same period, but these conditions do 
not seem to be realized in the visible clusters. 


VARIABLE STARS 


The Algol Type. — We have already made allusion to these wonderful 
objects which undergo periodic fluctuations in their light. TI1C3' .arc 
divided into those of long and short periods, and the latter are divided 
into those where the variation arises from eclipse, and those where there 
i.s a true fluctuation of light, Algol, or Beta Per.sei, is the principal 
example of eclipse variables, and gives its name to the das.s. Stars of 
this type are at their normal light the greater jjart of the time, but 
suffer a rapid temporary decline. It was conjectured that thi.s was due 
to eclipse by a dark body very close to its primary, and coming iDCtwecn 
us and it in each revolution. 

This idea was first suggested by Goodricke in 1783, and wa.s con- 
firmed a century later by Dr. Vogel with the spectroscope. He found 
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that, lx-.5idcri its average approach of aj- miles per second, it has an 
orbital motion of 261 miles per second, receding before mininiuin, 
approaching after it, Combining this with tlic; duratiori of eclipse, lie 
found the following elements of the system: Period, 68 h. 48 in. 55. .s, ; dia- 
meters of bright and dark stars, i, 060, 000 and 1830,000 miles; distance 
between centres, 3,230,000 miles; masses, i and i; of .Snn’s. The smaller 
body i.s not necessarily quite dark, but its light cannot cixceed I ]x;r 
cent of the larger’s, or there would be a secondary iniaimnm when it 
passed behind the latter. 

The constancy of Algol’s light during the unecliiiscd period seems to 
show that it cannot differ much from a si^herical form, which is contrary 
to expectation in the case of two large orbs almost in contact. Wc 
have already described the Beta Lyrre type, wdrei-e the variation is not 
caused by eclipse, but by the different presentation of cgg-.sh;i]ied bodies. 
Another type of variable has been found in great numbers in the star 
clusters. Their period is generally less than a day, the minimum pro- 
longed, and the rise to maximum extraordinarily ra[)id. Isio explanation 
of this type has yet been found. 

The Mika TyI’E, — Long-period variables seem to form a separate 
class, since there are hardly any with periods between 30 and too 
days, after which the curve runs iqi rapidly, showing a strtmg maximum 
at the value 330 days; it then falls fairly rapidly to 310 day.s, above 
which very few periods are known. While “Algol” stars are generally 
w'hite, of the Sirian type, long-period variables are red, with third-type 
spectra; the most wonderful .star of the class is appropriately termed 
Mira Ceti. Mis.s A. Clerke thus describes it; 

“Once in eleven months the star mounts up in about 125 days from below 
the ninth to near the third or even the second magnitude; then, after a pau.se 
of two or three weeks, drops again to its former low level in one an<l a half 
times, on an average, the duration of its rise. . . .An extonl of eight mag- 
nitudes may bo assigned to tlie oscillations of this strange object, which 
accordingly emits at certain times fully 1500 times as much light as at others. 
That each maximum is a genuine conflagration ha,s been proved by spectro- 
scopic observation; the conflagrations recur yearly, and, after three centiirie.s of 
notified activity; give no signs of exhaustion!” 

At maximum there is a striking outburst of bright hydrogen line.s, 
while the titanium flutings are very clearly marked. This i.s the most 
striking example of a very numerous class. The fact that the period, s 
of so many of these stars are about a year is ctirious, and .sugge.sts that 
the light variations may be due to a parallactic shift behind .some opaque 



-screen, .such a.s a nebula. In this ca.se, however, the period would be 
exactly a year, and it also requires such an artificial arrangement that 
the explanation is not tenable. 

Analogy with Sun-spot Curve.— Sir Norman Lockyer .suggested 
that stars of this type w'cre double swarms of meteors, revolving in ellip- 
tical orbits, and approaching at periastron sufficiently near for the outer 
members to collide. This may be the true explanation in some cases, 
but it is on the whole more probable that the .seat of variation i.s within 
the star, and that we have an analogy in the Sun-spot cycle. It has 
long been recognized that their light curves were .similar to the Sun-spot 
curve. Profe.ssor Turner has established this by harmonically analysing 
the curves. Fie finds the Sun-spot maximum corresponds to light 
maximum in the stars. It i.s necessary then to suppose that more light 
is gained by gaseous outbursts than is lost by the spots. The Sun is 
only an incipient variable, and its changes would have to be accentuated 
before they could be detected at stellar distances. Still, the suggestion 
of analogy is hopeful, and it is rendered more probable by the discovery 
of the titanium flutings in Sun spots. 

The Sun, it will be remembered, is of Type ll, the variables of Type 
III, but the boundary line is not very sharply defined. According to this 
theory the spottedness is likely to become more pronounced, though we 
do not know' w'hether such intense light changes as those of Mira are 
reached by all stars or only by a few-. If they are reached in our case 
they will probably render the system uninhabitable. 

Professor Turner has recently studied the analogy of the Sun and 
variable stars under another aspect. He recalls the changes of latitude of 
Sun spots that take place during the cycle, and points out that if we viewed 
tliese from a point distant from the Sun’s equator, the clmracter of the 
variation would be modified. He has thus found that he can explain the 
different curves shown by the stars. The.se can be arranged so as to form 
a sequence according to the proportion of the waxing to the warning phase; 

“If one of the star’s poles were towards the observer, the faciila; in high 
latitudes would be most obvious, the equatorial faculse being subject to fore- 
shortening and absorption. The minimum would then follow the ma.ximiim eriily. 
Conversely, if the star’s equator were tow'ards us, it would be late.” 

He examines whether the hypothesis gives any clue to the general 
po.sitions of the stars’ axes. A tendency to parallelism with the Millcy 
Way is indicated: 

“We should then see stars equatorially in all directions, but we should not 
have a polar view of those lying near the galactic poles”. 
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Tbi^ is found to agree with the facts, and the theory is full of promise 
but there is one remarkable diffcrcnctc between the Sun and stars, /.r. llie 
period of the Sun is much longer than that of the variables. VVe do not 
know tlie cause of this period; it may be that as the variation becomes 
more accentuated it will grow shorter. Professor .Schuster already susyiects 
shorter waves superposed on the eleven-year one, and it is quite piissible 
that these may in time overpower the former. 


CHAPTER VII 

THEORIES OF COSMOGONY 

LAPLACE’S NELULAR HYPO'PHESIS 

Highly Speculative Nature of TuI';orie.s of Co.smooonv. — 
We have now finished our .survey of the various types of lieavenly bodies. 
We pass on to examine whether we can deduce a probable theory of cos- 
mogony, i.e. of the steps through which our .system has pas.sed before 
reaching it.s present condition. It is necessary to .state tlnat nothing is 
known for certain on the matter; indeed it is hardly likely that .such will 
ever be the case. It is sufficiently surprising that we should tie able to 
form the smallest conception of the.se mighty processes, who.se movement 
is so majestically slow that it is a.s nothing during the period over which 
:our observations extend. 

The Primeval xNebula.— -There are strong reasons for thinking it 
likely that our sy.stem was developed from matter that previously formed 
a large extended cloud covering all or most of its present area. The fact 
of the planets all moving round the .sun in the same direction and in nearly 
the same plane i.s an argument for thi.s, another less powerful one being the 
number of terrestrial elements found to exist in the Sun. Laplace’s famous 
hypothesis supposed that the solar system once formed a spherical nebula 
of extreme tenuity, filling the space bounded by the orbit of the outer 
planet. This nebula contracted under gravitation, the speed of rotation 
increasing with the contraction till an equatorial ring was thrown off by 
centrifugal force ”. This ring was supposed to have formed the outermost 
planet, and the others followed in succession. 

Objections to I.aelace's Theory.— Laplace’s idea seems to have 
occurred to him independently of Herschel’s discovery of a shining fluid in 
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space, but obviously the discovery helped the hypothesis. The latter has 
not, however, stood the test of critical examination. So large and tenuoiLS 
an object would have no rigidity, and would not rotate as a solid sphere. 
Further, Mr. F. R. Moulton has recently shown that the principle of “con- 
servation of moment of momentum” is fatal to the hypothesis as it stands ; 
for if the nebula when filling Neptune’s orbit were rotating* in Neptune’s 
period, this moment would have 213 times its present value. 

Initial Difficulties. — While mentioning this coaservation it i.s a 
convenient place to say that the mutual gravitation of the system is power- 
les.s to produce any moment of momentum; the fact that .such exists shows 
that it must either have been initially impressed on the nebula, or have 
been the result of motions in its constituents before they came together, 
due to the action of external bodies. This clearly only shifts the difficulty 
back a step, and, indeed, science is powerle.ss to explain the manner in 
which the moment of momentum of the system took its origin. This is 
one of the many points where an attempt to give a complete explanation 
of all the phenomena of nature on a purely rationalistic basis breaks down 
completely. 

Modifications of Laplace’s Theory.— -One temporary set-back 
that the hypothesis received in the last century has now been reversed. It 
was supposed that Lord Rosse’s great reflector had shown all the nebulre to 
be .stellar, and therefore disproved Henschel’s shining fluid; but the spec- 
troscope has now confirmed Herschel, and shown that many of them are 
truly gaseous. Further, the manner of their association with stars in the 
Pleiades and elsewhere is demonstrative of a close connection; there is a 
strong case for supposing that some at least of the nebulie are embryo 
systems. Two principal modifications of Laplace’s scheme have been pro- 
posed: (l) the substitution of a thin plane spiral for his nebulous sphere; 
(2) the introduction of tidal action to explain many of the details. The 
first assumption diminishes the extreme tenuitj'' of the neVjula, and we also 
find such spirals in great numbers in the heavens. 

METEORIC THEORIES 

Sir N, Lockyer’S Theory. — There have been two ideas about the 
nature of our primeval nebula: (i) that it was meteoric, (2) that it was 
ga.seouSi Sir N. Lockyer advocated the former view, basing it on spectro- 
scopic grounds: he thought he had identified the chief nebular lines with 
those of magnesium, as given off from meteors. The identification, how- 
ever, has been disproved ; moreover, meteors are such complex bodies that 
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it is difficult to picture them as the primal world -stuff. I’hey art; pro- 
bably rather the debris of worlds, perhaps expelled irom suns or ijlanets in 
mighty eniptions. vSir R. Ball thinks most of tliem are Ifarth-ljorn, and 
this may be true for many. ~ . 

COMKTS ANl> Meticoks. — Tliere i.s a close connection Ktetween ct'met-s 
and meteors, .showing that the latter may b(j a.ssocialed with gaseous 
matter; perhaps the gas in this case was previously imprisonetl in the 
meteors, and driven out by the heat or light pre.s.snrc t»f the Sun. The 
gases of comets are not like those of nebula;, being chiefl)' cyanogen or 
other carbon compounds. In Lockyer’s view the meteors would fretjuently 
collide, and the heat generated would gradually reduce the swarm to gas. 
Sir. G. Darwin suggested as a modification that a dense meteor swarm 
might itself act as a gas, their itnpacts replacing those of the gaseous 
molecule.s. This theory, however, has not met with nuicli siip])orl. 

Sir R. Ball’s Theory. — Sir R. Ball has proposed om; form of the 
spiral hypothesis. He .starts by laying down that a sphere of moving 
particle.s has a tendency to spread itself out into a di.sc, and deduces this 
from the fact that the moment of momentum is constant, but the “ tmergy ” 
of the system continually dimini.shes with each colli.sion. The parLicle.s 
after collision would drift towards the centre, and the system tends to that 
form which combines a minimum of energy' witli the maintenance of its 
original moment. This can be shown to be an extended [jlaue disc. The 
drift of particles towards the centre would cause this part to rottilc nujre 
rapidly than the outer part, which would of itself produce a spiral .struc- 
ture. In some way, of which we cannot trace the details, knot.s (jr centres 
of condemsation appeared on the whorls of the spirals, and these formed 
the embryos of the planets. . 

Proctor’s Views. — Proctor endeavoured to explain tlie sizes of tlie 
different groups by the con.skleration that near the Sun his influeuce 
would be so paramount, and the velocities of the partich;s so high, that 
they would prevent any large aggregation of matter; thus the first finir 
planets are .small, that nearest the Sun being the least. The giant Jupiter 
is formed in a region where the Sun’s influence has much diminislied. 
Proctor suggested that his disturbing influence might have pre\-entud the 
minor planets from forming one orb. The reason of the decline in .size 
outside Jupiter he supposed to be due to the growing paucity of material 
a.s the oul.skirts of the system were approached. 
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PLANETESIMAL HYPOTHESIS 

SurpOSEI) Co-orEKATION OF TWO Suns. — Prote.ssor.s Chamberlin 
and Moulton have recently advanced the planetesimal hypotJusis, whicli 
is similar to the above in working out the spiral-nebula analogy, though 
it differs in invoking the assistance of a second sun to explain the 
emission of meteoric matter from the Sun. It supposes that our Sun at 
one time existed in solitaiy state, without any attendant worlds, and 
that another sun passed extremely near it, though without colliding. 
Enormous tides were raised on two opposite sides of each sun, sufficiently 
powerful to tear off great quantities of matter, though in our Sun’s case 
it only amounted to one-seven-hundredth of the total mass. The torn-oft 
matter would have returned to each sun but for the perturbing effect of 
the other, which gave it a moment of momentum and left it describing 
ellipses. 

Stages in Evolution. — They show that the matter would arrange 
itself in a double .spiral exactly like the forms seen in the nebulae. It 
should be noted that the streams of the spirals are not the directions in 
which matter is moving, but the regions in which it is most densely 
collected. Each particle is moving at a large angle athwart the spiral, 
and in consequence the whorls of the spiral nebulae should in the course 
of time show a rotatioiij and also become more and more coiled. The 
plane of motion of the matter would be nearly the same as the plane 
of relative motion of the other sun, and it is conjectured that tidal 
action may have brought the Sun’s original plane of rotation near this 
plane. The larger a planet grew by the collection of particles, the more 
nearly would its plane coincide with the mean plane of discharge of all 
the particles. 

Some Facts Explained by Theory. — The smaller inclination of 
the planes of the large planets i.s thus explained. It is even .suggested 
that the more rapid rotation of the Sun’s equatorial regions may be 
explained by more matter having returned to him in this plane, which 
would transmit the moment of momentum it had acquired during its 
flight by the action of the other sun. It is also shown that successive 
collisions of particles to form planets would tend to reduce the eccen- 
tricity of the orbits, thus explaining the nearly circular orbits of the 
large planets. The properties of .satellite orbits are reasoned out in a 
similar manner, and shown to result in nearly circular orbits, not fat- 
distant from the plane of their primary. 

It should be noticed that on this theory each whorl of the .spiral is 
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not the embiyo of a separate world. A whorl may, in fact, contribute 
matter to several world-s, and a world may draw matter from portions 
of several different whorls wliich are at about the same distance from 
the Sun. 

Initial Assumption Unlikely. — In fine, if we s'rant the initial 
a.ssumption of the very near approach of two suns, the n.-st of tin: theory 
.seems to work satisfactorily; but such an approach must be so rare an 
occurrence that one hesitates to accept it as an intei^ral i>art of the 
growth of the .sy-stem, unless driven to do so. If the two suns u'ere alike 
in mass and condition, each would suffer the same tidal action, and pre- 
sumably a .similar .system for each sun would be the result. 

STAGES OF STELLAR AND PLANETARY COOTTNG 

Temperature of Planets never so great as that of Sun,— 
Whatever theory we adopt for the earlier stages in tile evrjiution of 
a stellar system, we come to a time '(vheii such a systoin had devel- 
oped into a number of large orbs, all raised to a high temperature by 
the coming together of their constituent.s. This temperature would vary 
with the size of the bodies. It is not likely that the .smaller planets were 
ever in a sun-like state, and even the giant planets only approximated to 
it. The small worlds would also cool more rapidly, as is exemplified by 
the Moon. The Sun may .still have been semi-nebulous when the kauth's 
crust was formed. 

Probable Life Hlstory of Sun.— Tlie Sun is presumed to have 
passed through the stages rcprc,sented by the spectral types, being first 
a helium star of great tenuity, perhap,s with nebulous appendages. On 
this would follow the Sirian stage, when the photo-sphere w.as intensely 
luminous, and unveiled as yet Ijy the reversing layer. It is probal.-)le 
that this was a more prolonged stage than the first, for the type is inucli 
commoner than the helium one. By slow stages it would puss into the 
present golden-yellow condition. As more and mure of the blue light 
wa.s cut off, the light would grow redder, and probably the .spot variation 
more pronounced. 

At least in Arctunis, which is believed to be in the late solar stage, 
spot lines are found in the spectrum, which seems to imply tliat its 
surface is much more spotted than the Sun’.s. Looking further ahead, 
we conjecture that it will pass through the Type III stage, wlum its 
colour will be decided red, owing to the strong titanium flutings. Pro- 
bably its light will then.be markedly variable, and there will be a liability 
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to great outbursts of glowing gas; further than this we need not try 
to go . : „ , 

Evolution of Larger Stars.— It used to be thought that the larger 
stars would in all cases take longer for each of their stages. This i.s un- 
doubtedly true for the total radiation of their heat, but doubt.s har^e been 
raised as to whether it is true of the duration of lypes 1 and II. Thu.s 
Mr. Lewis has demonstrated that in the majority of cases tested the fainter 
star of a pair is the more massive, the presence of a photosphere involving 
such a delicate balance of conditions that it may well be, as Sir W. and 
Lady Huggins suggest, that powerful surface graviU’ hastens the trans- 
formation from the Sirian to the solar stage. Capella, for example, which 
exceeds our Sun greatly in mass, has a spectrum very similar to his, though, 
from the relation of light to mass, Capella’s density is presumably much 
smaller; in other word.s, it has passed more rapidly to the solar stage; 
before the density has increased to a corresponding degree. In the case 
of the fainter but more massive components of binaries, probably the 
blueness does not arise from a Sirian condition, but from some later stage 
of development that is not, as 3--'et, quite understood, 

INFLUENCE OF SOLAR TIDES ON PLANETARY 
ROTATION 

Direction of Rotation has been Reversed, — We .shall now 
leave the Sun, and pursue in greater detail the probable course of the 
development of planets. Laplace explained their direct rotation bj' the 
supposition that they had previouslj’- exi.9ted as rigid rings, in which case 
the outer portion would be moving most rapidly round the Sun. When 
the ring coalesced into a sphere this would result in a direct rotation. 
But vve now know that such a ring could not move as a rigid body; 
each portion would have the speed appropriate to its distance, as is 
now the case in Saturn’s ring, and this would lead to a retrograde rotation. 
Now, evidence has recently been discovered that the primitive rotation 
of the planets was retrograde, but that solar tides have reversed it. 

Pickering’s Results — Pitcebe. — The most striking evidence for 
this was the di.scoveiy by Professor W. H. Pickering of an outer .satellite 
of Saturn (Pheebe), which proved to be moving round the planet in a 
retrograde direction in . opposition to all the rest. He at once suggested 
that the satellite was the oldest of Saturn’s family, and remained a.s a 
witne.ss of the primitive direction of rotation. It then struck him that 
this would likewise explain the retrograde motion of the Uranian and 
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Neptunian systems. He was able to base a striking argument on the 
behaviour of a gyroscope : 

“If a gyroscope properly balanced and luountecl in gimbals i.s placed on a 
tabic while spinning, and the supporting stand made, to rotate, ahoul a vertical 
axis, the wheel will adjust itself so as to rotate in the .same direction as the 
stand and about a parallel axis. If the direction of rotation of liict stand i.s 
reversed, the wheel will turn over and again rotate, in the. Kame. direction as the 
stand. Or if an observer hold a rotating gyroscope at ann’.s length, and rotate 
upon his heels, the gyroscope will adjust itself so th;it its njtation is in tlie 
same direction as its orbital revolution, the two axes being parallel. If the 
observer reverse his directimi of rotation the gyroscope again turns over. When 
the planets were first formed they rotated in directions opposite to the orbital 
revolutions, as Neptune now does. In former times, when the planets were large, 
diffuse bodie.s, the tides rai.sed by the Sun would act in the same way as the 
rotation of the gyroscope stand. Neptune is so remote that his plane of rotation 
has been shifted only about 35 degrees; Uranu.s, 82 degree.s; Saturn, 153 
degrees; Jupiter, 177 degree.s. Pheebe wa.s Ixjrn whilst .Saturn still retained 
its original plane of rotation, hence its retrograde revolution. I’he other 
satellites have been subject to the tidal action of the ,Sun, tending to bring the 
orbit into the plane of Saturn’s orbit, and to that of Saturn, teiuliiig to iiring 
it into the plane of Saturn’s equator. 'I'he latter has predominated in the case 
of . the inner satellites.” 

Stratton’s RESULT.s.~Mr. F. J. M, Stratton invcstigpitcd thi.s bolil 
hypothe.si,s mathematiciilly, making the investigation as rignrou.s :i,s possible, 
though it neccs-sarily included some assumptions on tlie early condition 
of the planet,s that cannot be regarded as quite certain. His re.sult.s are 
favourable to the hypothesis, a.s the following quotation .shows: 

“Saturn shed Phoebe, and possibly also Japetus and Hypeihm, while its 
obliquity was greater than 90 degrees; as under solar tidal iniluence it passed 
through the, critical ppmti on, where its , obliquity was 90 degrees, Pheebe sank 
down into the ecliptic in a retrograde orbit, while Japetus and Hyperion moved 
over with the planet’s equator. Afterwards the inner satellites wt'ro evolved, and 
under their iniluence and the influence of the rings .Saturn’s ohlitpiity ha.s 
steadily diminished and is still , diminishing towards a small stable value. As 
seems highly probable for a planet farther removed from the Sun, and therefore 
less likely to have its increasing rotation checked by solar tidal friction, the 
satellites of Uranus were evolved in an earlier stage of its evolution, before its 
obliquity had decreased to 90 degrees; they have stopped the decrease in 
obliquity which would arise from the solar action, and they are now driving 
Uranus back to a stable ijosition with an obliquity of tSo degree.s. Neptune, 
with its one satellite of extremely large tidal influence, is being driven towaids 
an equilibrium position with an obliquity of 180 degrees.” 

The two planets nearest to the Sun have no satcl]ite.s. Yet h(.'rc, too, 
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the solar tides have left their mark, if we accept as true what is still 
somewhat doubtful, the fact of their always turning tlie same face to 
the Sun. We must, indeed, suppose that tidal action was so potent that 
it prevented their rotation speed ever rising to a value that would 
lead to disruption; tidal action, it may be pointed out, varies as tlie 
inverse cube of the distance, which explains its great importance for the 
two nearest planets. 

BIRTH OF THE MOON 

Unique History of Earth and Moon— Theory of Sir George 
Darwin. — We come now to our Earth, whose history, there is reason 
to think, has been unique in the system. There is no other planet which 
has a satellite with a relative mass anything like so high as that of our 
Moon. Mi-ss A. Clerke has pictured the circumstances of the Moon’s 
birth in a passage so graphic that it deserves reprinting; 

“ How the Earth was to fare . . . long hung in the balance. Rightly to 
foreca.st its destiny would indeed have demanded no common perspicuity in an 
intelligent onlooker. Although the solar drag upon its rotation had no more 
than one-eleventh of its power over Venus, it sufficed during uncounted ages 
to hinder acceleration from reaching the pitch involving instability. Our 
embryonic planet had long ceased to be nebulous, and had, in fact, shrunk by 
cooling nearly to its present dimensions before the die wa.s cast. Then at last 
the hurrying effects of contraction prevailed over slowing down by tidal friction, 
axial speed overbore equilibrium, and the splieroid divided. Now globes thus 
far advanced in condensation are apt to split less unequally than globes in a 
more primitive stage ; and the Moon, because late born, was of large size. Its 
mass is the one-eighty-first of the Earth’s; the masses of Titavr and Saturn are 
as I to 4600; while Jupiter’s third and greatest satellite contains only the 
one-eleven-thou.sand-three-hundreth part of the matter cnglobed in the parent 
body. Moreover, Professor Darwin has made it clear that the satellites of 
Jupiter and Saturn revolve now in orbits not widely remote from those at first 
pursued by them; the Moon, on the contrary, having started on it.s career 
almost, if not quite, from grazing contact with its primary. ... It was revolving, 
when our theoretical acquaintance with it begins, in a period of not les.s than 
two and not more than four hours, quite close to the Jiarth’s surface, while the 
nearly isochronous rotation of the Earth was conducted with all but disruptive 
rapidity. The situation is .so suggestive that it needs only a short and tolerably 
safe leap in the dark to the conclusion that the two globes had very recently 
been one. With their division, at an epoch estimated to have been at least 
54,000,000 years ago, the process began by which the Moon was pushed back 
along a widening spiral course to its present position.” 

Darwin’s Researches. — This theory of the Moon’s birth was put 
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forward by Sir G. Darwin in i88r, and is now generally accepted. The 
moment of momentum of the Earth-Moon .system is constant, except for 
the .slight effect ,of solar tides. Hence, as the Earth’s rotation grows .slov\'er 
under the brake of the tidal wave, the Moon must recede in order to 
conserve it. The tides on the Moon have already made her period.s of 
rotation and revolution identical. She is endeavouring to do the same 
for the Earth, but it is doubtful whether .she will ever completclj- succeed. 
Initially each turned the same face constantly to the other; then, as the 
Moon receded, the number of Earth rotations to one lunar revolution 
: increa.sed, very rapidly at first, so that Sir G. Darwin calculate.? it had 
a maximum of 29 about 46,000,000 years ago. Since then it has 
declined to its present value of 27-J, the retardation growing slower and 
slower, so that it will probably never get back to i. 

Cowell’S Work on Eclip.SES. — We can, perhaps, trace some effect 
of the lengthening of the day, and the accompanying recession of the 
Moon, by studying ancient eclipses. Mr. F. H. Cowell has recently done 
this for all the old eclipses of which the records are sufficiently jirecise, 
starting with one observed in .Babylon in U.C. 1063. Ho finds that these 
early eclipses show an apparent acceleration of the Sun, which prol,)ably 
really arises from a lengthening of the day. The effect on the Moon is 
made up of two part.?; the day being longer the Moon will .seem to move 
farther in a day, but her increasing distance will have the opposite effect. 
This explains why the effect on the Sun is such a large fraction ui 
that on the Moon. The result indicated is that the day is lengthening 
by one-two-hundredth of a second per century. 

Age of Moon-— Pickering’s TnEOHy.--Profcssor Darwin puts the 
date of the Jloon’s birth as about 57,000,000 years ago, but he doe.s 
not claim that the date can be fixed with any prcci.sion. At that 
time the Earth was but slightly larger than now, and rotated in betwetm 
three and five hours. Professor W. H. Pickering has recently examined 
whether we can now trace on her surface any evidence of the disruptive 
catastrophe. He has put forward the following bold theory, which is 
hardly likely to gain general acceptance, but which is .so interesting tliat 
it is worth giving. He postulates that, prior to the disruption, tlie 
Earth was already covered with a crust 36 miles thick, of density 3.2, 
slightly less than the Moon’s present density (3.4), As it cooled it con- 
tracted, till, under the combined influence of centrifugal force and solar 
tides, the breaking-point was reached, and three-fourths of the crust was 
torn away, forming a swarm of small fragments, later to be concentrated 
into the Moon. The heat resulting from their collisions would suffice 
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to reliquefy portions of the Moon, thus accounting for the obvious signs 
of volcanic action on her surface. The region thus torn away is supposed 
to have been the Pacific basin, while the remaining One-fourth i.s supposed 
to have been torn in two by the shock, and formed the two great 
continental masses. In this way Pickering e.xplains the remarkable 
parallelism of the two sides of the Atlantic, which had already been 
noticed by others. 

If the specific gravity of the land masses was 3.4, and that of the 
liquid in which they floated 3.7, the average height of the continents 
above the ocean beds (3 miles) would be accounted for. The volcanic 
islands would have been formed later; the great density 3.7 found for 
the lower portion of Manna Kea, Plawaif, is in favour of its having been 
formed from the consolidation of the dense liquid. Pickering suggests 
that borings undertaken tliere for a few hundred feet would bring to 
light materials existing elsewhere at a depth of many miles. He considers 
that the ring of volcanoes encircling the Pacific also favours his view. 
He has not forgotten the great changes of coast line that are continually 
taking place, but he holds, with many geologists, that the main forms 
of the continental masses have been permanent, and that the submergence 
of portions of them has been only temporary, and the covering water 
only a shallow sea, not a deep ocean. 

The fact that this view implies that the Moon left the Earth as a 
swarm of fragments is in full accord with Sir G. PI. Darwin’s conclusions, 
for he points out that there is a certain distance (known from its discoverer 
as Roche’s limit) within \vhich a satellite could only exist in a fragmental 
form, and this distance in our case is 11,000 miles, so that the Moon could 
not have coalesced into a sphere till it reached this distance from the 
luarth, Pickering notes as an interesting point that Phobos, Mars’ inner 
moon, is very near the limit, and that we have reason to think solar tides 
are making it approach the planet, since its period is much less than the 
rotation of the latter. Plence, if it approaches nearer, it will be torn to 
fragments and lost to the view of astronomers. We have an example 
of such a swarm of fragments in Saturn’s ring, which lies within 
Roche’s limit. 

THE EARTH’S INTERIOR 

Me.‘\n DEN,SITy OF Earth.-— The interior of the Earth was formerly 
terra mcognita, and our knowledge of it is still scanty, but a few im- 
portant facts have been learnt. The first of these is the mean density, 
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which is found by comparing the Earth’s gravitational pull with that of 
a sphere of metal. Very delicate inea.sures by Boys and Braun agree in 
mving the mean density 5.527 time.s that of water, about doiildc that of 
the materials, at the surface. Professor Wiechert suggested that the Ifarth’s 
interior might be iron, basing this on the agreement in density (that of iron 
being 7.8) and the large amount of iron found in meteors. This view is not 
impossible, but it involves a discontinuity between the constitution of the 
surface and interior for which there are no strong reasons. Professor See 
suggests, with more probability, that— 

“ the matter in the interior of our globe is of the same general character as the lava 
which flows from our volcanoes, simply compressed by the enormous tveight of the 
superincumbent matter surrounding it on all sides 

Interior more Rigid than Steel. — Several lines of proof con- 
verge to show that, whatever the chemical comjtosition of the interior, 
it is solid throughout, and more rigid than steel. This is proved, (l) by 
the period of the small oscillation of the pole known as “The variation 
of Latitude”. Professor Chandler discovered this in 1893, and found the 
period to be 437 days, while it had been i)reviously supposed that it must 
be 305 days. Professor Newcomb found the Haw in the latter resull, which 
made no allowance for the elasticit)'- of the Earth. lie showed that tlie 
period 427 days indicated a rigidity rather greater than that of steel. 

(2) Lord Kelvin, continuing Hopkins’s work on the subject, showed that 
either the Earth’s interior is solid or that the outer crust bcha\'es with 
regard to external strains as though it (the crust) were li<iuid, The phe- 
nomena of ocean tides negative the latter, and therefore i)rove the former. 

(3) Another proof is afforded by the seismogra))h records of distant eartli- 

quakes. There are generally at least two distinct records of a disturbance, 
the first of which is the feebler, and which i.s concluded to be due to a wu\’e 
of compression passing in a straight line through the body of the h'.artli. 
The velocity of this wave has been taken to show a rigidity greater than 
steel, though, as we do not know the exact path of the wave, tins i.s open 
to some doubt : 

Ilstimates of Central Density. — The rate of increase of density 
is uncertain. Professor See, on the assumption that all matter under such 
enoimous pressures would behave like a monatomic gas, deduces a ra[3id 
rise, so that at a depth of half a radius the density would be 9, and would 
then increase more slowly to 11 at the centre. Others, however, think that 
there is a definite limit to the compre.ssibiiity of .solid .substance.s, oven 
under infinite pressure, and would put the central density not iiuich 
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above 7. Whether Dr. See’s figures are strictly accurate or not, the 
following quotation: from him probably gives a good general idea of the 
condition of the Earth’s interior: 

“ If, in addition to perfect interpeiietrability of matter under planetary pressure, 
we imagine an enormously high temperature which would instantly vaporize the 
most refractory elements, we may conceive most of the mattei- in the interior of the 
Earth and similar planets has the property of a rigid fluid, a gas rendered more 
rigid than steel by its confinement, but capable of expansion witli a violence sur- 
passing the eruption of Krakatoa if the pressure could only be removed 

THE AGE OF THE EARTH AND SUN 

Estimates of Sir George Darwin and Lord Kelvin.— Astron- 
omy is unable to give a precise answer to this question, not having suffi- 
ciently accurate data available. Sir G. Darwin’s estimate of 57,000,000 
years for the Moon’s age is confe.ssedly rough, though it is not a mere 
guess, and has been made with great care, but we are unable to determine > 
accurately all the constants required. He considers it unlikely that the 
time exceeds 100,000,000 years. Lord Kelvin estimated the Sun’s age, 
as 20,000,000 years, from the amount of energy produced by the coming 
together of its constituents from a great distance, and the amount now 
being radiated in the form of light and heat. But the radio-active elements 
have since then been discovered,’ and it is now known that in these at least, 
and b}!- presumption in other matter as w'ell, the energy imprisoned within 
the atom so enormously transcends all e.xternal sources of energy that 
these by comparison sink into absolute insignificance. 

Hence it is recognized that Lord Kelvin’s estimate has broken down, 
though it is not j^’et possible to replace it by a revised one, We do not 
know the amount of the radio-active matter in the Sun, nor whether otlier 
elements may not become radio-active under the conditions that prevail 
there. The fact that helium seems to play such an important part in the 
early history of suns — helium being one of the radium emanations — certainly 
warrants us in concluding that these radio-active processes may indefinitely 
extend Lord Kelvin’s estimate of the Sun’s age, and bring it more into 
accord with geological ones. These have perhaps erred by excess, in not 
making sufficient allowance for the more energetic meteorological and 
tidal processes that doubtless prevailed in distant ages, owing to the shorter 
da}^ and the greater proximity of the Moon, so that there does not seem to 
be an irreconcilable cliscoi'dance between the two. 
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CHAPTER VIII 

ASTRONOMICAL RELATIONS THAT AFFECT 
THE EARTH’S PHYSICAL CONDITION 

THE OBLIQUITY 

As was stated at the beginning', every physical process on the l^arth’s 
surface, with the possible exception of those due to volcanic activity, can 
be traced directly or indirectly to the Sun ; were his light and heat with- 
drawn, universal frost and stagnation would prevail. The trade wind.s and 
aerial and oceanic circulation generally depend on the Sun’s heat conjoined 
with the Earth’s rotation, These, however, are usually treated under the 
heading Physical Geography. One relation of great importance to our 
wellbeing is the amount of slope of our equator to the ecliptic or plane 
in which we travel round the Sun. 

Effect of Large Changes. — This is directly concerned with the 
seasonal change, for were the two planes coincident there would be only 
the very slight temperature changes due to the Sun not being exactly in 
the centre of our orbit. Were the angle, on the other hand, to be consider- 
ably increased, we should have seasons of much greater rigour, whicli would 
render large tracts uninhabitable. The present value of the angle is 23“ 27', 
and it only changes between narrow limits. Professor Newcomb calculates 
that it was at a maximum (24° 13') about 9100 years ago, and will reach 
a ininimum (22“ 3S') about 9600 years hence. 

Obliquity never Excessive during Geological Timk.—Mi-, 
Stratton’s work on the action of solar tides has been already described. 
Assuming an initial retrograde rotation foj- the Earth, these would tend 
to produce a direct one in the plane of the orbit. Since the Moon’s 
motion i.s direct, it follows that this action must, if it took place at all, 
have made the rotation direct before the Moon’s birth. Since this birth 
the Moon’s action has been more potent than the Sun's, and Sir G. Darwin 
concludes that at an early stage in the Moon’s histoi'y’, when she went 
round the Earth in twice the time that the latter rotated, the obliquity 
was about ii degrees. The fact thus remains that during the geological 
ages the obliquity has never been excessive, and the tendency of the 
Moon to increase it is now less owing to her greater distance, and i,s 
controlled by the opposite action of the Sun. It will probably nc\'er much 
exceed its present value. 
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CHANGING ECCENTRICITY OF THE EARTI-FS 
ORBIT— ICE AGES 

Varying Distance of. Earth from Sun.— We may then take the 
obliquity as sensibly constant for the greater part of the geological period, 
but there is another astronomical relation which there is reason to thinlc 
has produced most startling changes in the habitability of large regions 
of the Earth’s surface. This is the change in the eccentricity of her orbit 
round the .Sun. We may express this in simpler language by .saying that 
the orbit is always sensibl)^ circular, and always of the same size, but that 
the position with regard to the Sun varies; sometimes he is exacth' in the 
centre, at othens he may recede from this point as much as 7,000,000 
miles, or one-fourteenth of his distance. If at such a time, we suppose 
midsummer to coincide with the Sun’s nearest approach, he would be 
south of the Equator five weeks longer than north of it. If midwinter 
occurred at nearest approach the relation would be reversed. 

Result.s of Sir Robert Ball. — Such changes are actually taking 
place, under the influence of the planets, more especially Venus and Jupiter, 
on the Earth’s orbit, and their effect has been very clearly traced by Sir 
R. Ball in The Cause of an Ice Age. Geology shows that large regions in 
Europe and elsewhere have been in the past covered by glaciers in the 
manner that Greenland is now, which Sir R. Ball accounts for by proving 
that each hemisphere receives 63 per cent of its annual supply of heat 
during its summer half-year, and 37 per cent during the winter half. Now 
if midsummer was the Sun’s nearest approach at a time when the eccen- 
tricity was very great, the 63 per cent would be poured in during 166 days, 
while the 37 per cent would be .spread over the remaining 199. There 
would consequentty be a long, severe winter and a short, hot summer, 
which would not be able to melt all the snow of the winter, e.specialiy 
as mucli heat would be reflected away Ity the white surface without being 
absorbed. I-Ience the snow would grow thicker year by year till it formed 
a mighty sheet. The opposite hemisphere would enjoy a genial climate 
witli a long, moderate summer, and a short, mild winter. Tliis would clear 
away the ice cap almost, if not quite, up to the pole, and Sir R. Ball thus 
accounts for the fossils of temperate plants found in high latitudes. 

The axis of the Earth’s orbit is moving in such a way that tlie con- 
ditions are changed in either hemisphere from glacial to genial, and vice 
ver-sa, in a period of about lo,ooo years; and at a time of high eccentricity 
there will be, a succession of glacial and genial periods alternating in the 
two hemispheres. .Sir R. Ball suggests that the animals and plants driven 
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from one hemisphere may have taken refiige in the other, but this, however, 
does not seem necessary, for a migration to the region just free from the 
ice sheet would probably suffice. 

He gives the following table, .showing the average daily receipt of sun 
heat by each hemisphere under the several conditions:— 

Present Tims (North Hemisrhere) 

Mean daily sun heat in summer (i86 days) 1.24. 

Mean daily sun heat in winter {179 days) .75. 

Genial Conditions 

Mean daily sun heat in summer (199 days) 1.16. 

Mean daily sun heat in winter (166 days) .81. 

Glacial Conditions 

Mean daily sun heat in summer (166 days) 1.38. 

Mean daily sun heat in winter (199 days) ,68. 

This table seems to prove that the theory affords amply sufficient 
machinery for the production of an ice sheet, though it is right to say that 
some have contested this point. Of course the climate of a country is the 
product of complex conditions, which might largely influence the figures 
given above. For example, any change in the direction of the Gulf Stream 
would profoundly influence the climate of western Europe, as we see by 
comparing Greenland and Norway, which do not differ greatly in latitude, 
but which have cold and warm currents flowing along their shores. 

We now enjoy a faint approach to a genial climate in our hemisphere, 
since our winter is eight days shorter than our summer. The present 
eccentricity — one-sixtieth — is, however, too small to have very much effect, 
though it is doubtless responsible for the greater degree of cold that 
appears to prevail in the Antarctic regions as compared with the Arctic, 
in spite of the moderating influence of the oceans that surround the former. 

Alternation oe Glacial and Genial Etochs.— S ir R. Hall 
points out so graphically the potent influence of the planets on onr earth, 
far exceeding anything imagined by astrologens, that I. give some quota- 
tions from his book:- 

“ The influence of the planets has occasionally visited some of the faire.st 
■ regions of our globe with a scourge more deadly than the most malignant pesti- 
lence, more destructive than the most protracted of wars, and more desolating than 
the mightiest of floods. Slumbering in the Arctic regions lies at this moment the 
agent of the most dire of calamities. . . . Time after time it has happened that the 
planets by their influence on the Earth’s orbit have brought down on our temperate 
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regions the devastations of the great ice sheet. . . . It was the planets that drew 
down this icy inva.sion, and it was the planets which bade the ice to withdraw, , . . 
cha.sed it entirely from the hemisphere, and permitted the horror.s of the ice age to 
be forgotten in the joys of the summer by which it was succeeded. . . . When we 
gaze on the Cloghvorra stone a fanciful person might almost think that it was the 
thews of mighty Jupiter himself that ripped that stone from its original bed some 
miles away, and sportively cast it down on the mountain side. . . . May we not 
imagine the cliaracters on the stone as having been traced by the fair hand of 
Yenu.s herself,” 

Ei'cjchs or Maximum Eccentricity.— Attempts have made to fix 
astronomically the periods of differetit ice ages, but it is doubtful whether 
the formulaj used can be trusted as sufficiently accurate for such immense 
time intervals; it is, however, of interest to give, rvith this caution, a few 
of the results that have been arrived at by Croll, Stocltwell, Charlier, and 
Macfarlane. 

The eccentricity reached its greatest possible value of one-fourteenth 
850,000 years ago, and remained near this for about 60,000 years. The 
greatest glacial periods must have taken place at this time. There have 
been other less strongly marked maxima of eccentricity since then at 
intervals of about 100,000 years. The last was 100,000 years ago, its value 
being one-twenty-first, or three times the present value. This may have 
been .sufficient to cover our islands with an ice sheet, but it is impossible to 
fix the value that would .suffice for this purpose. For the next 100,000 
years the orbit will be less eccentric than at present, so obviously no return 
of the ice is to be apprehended in the immediate future. 

Present Eccentricity. — In fact, the earth is passing through a 
quite unusually prolonged period of small eccentricity, which is obviously 
favourable for the habitability of the temperate zones. The present 
diminution of eccentricity is responsible for an acceleration of tiie Moon’s 
motion of 6 seconds per centuiy. This, however, is of an o.scillatory 
cliaracter, and will be reversed in 24,000 years, when the eccentricity will 
again begin to increase. The acceleration due to tidal retardation will 
always be in the same direction. Many books do not distinguish between 
the.se tw'o different accelerations. 

Water Vatour necessary for an Ice Age.— It should be noted 
that for an ice sheet to form we need not only long, cold winters, but als(j 
an abundance of water vapour in the air to be deposited as snow. This 
water vapour would be raised from the oceans in the warmer regions, so 
that even a great ice sheet bears witness to the Sun’s heating power. We 
may emphasize this by pointing, out that the southern hemisphere of Mars 
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at present suffers from much more glacial conditions than ever prevail 
oil Earth, the winter being seventy-five clays . longer than the summer; 
but the iinmeltable ice sheet does not form, since there is not enough 
vaijour to produce such a thick deposit. Hence the summer sun some- 
times melts the cap right up to the pole, and alway.s nearly to this 
point. 

IS THERE AN ELEVEN-YEAR WEATHER CYEIJil? 

We now pas.s on to con.sicler the effect of the Snn-sprjt cycle upon the 
Earth. In view of the conspicuous changes that are exhibited in all solar 
phenomena there would be nothing surprising in a striking effect on the 
Earth’s meteorology. It is difficult to understand the following passage 
in Proctor’s Old and New Astronomy, p. 350: 

“As for the idea that Sun spots may exert specific influence on the weather of 
different parts of the Earth, it is beneath the dignity of science to discus.s a notion 
■Worthy only; of the first beginnings of astrology ”. 

No Definite Law Determined. — Considering the delicate balance 
that exists between the contending elements determining our weather, it 
seems to me that the a priori probability would be rather in favour of a 
Sun-spot effect being traceable. It must, however, be admitted that, in 
spite of many attempts, no definite law has yet been detected. Somctime.s 
there is the appearance of such a conrtection for one or two solar cycles, 
but afterwards it vanishe.s. Many secondary weather efirect.s, .such as tlie 
price of corn, famines, &c,, have been examined. In regard to the last, 
Dr. Lockyer has found an apparent connection between the spot curve and 
Indian famines, which may prove to be genuine. Some take the line, 
which seems to me a mistaken one, that an effect on the weather, if really 
connected with the Sun-spot curve, mirst be the same all over the Earth, or 
at least over a hemisphere. 

, Verdict “Not Proven”. — :The effect might be to modif}^ the direc- 
tion or the strength of the atmospheric and oceanic circulation.s, and so 
appear to have opposite effects on tw'o places not very far apart, by divert- 
ing some warm or cold current to reach one instead of the other. So if 
any one station should show an effect in any of its weather phenomena 
closely following the Sun-spot curve, we need not be deterred from accept- 
ing it by the fact that some other station fails to show it, or perliaps 
even .shows an opposite one. This would only show that a negative 
correlation existed betw'een the two stations, and weather statistic.s give 
examples of such a relation. In short, the verdict on the question whether 
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Sun-spots influence the weather must be at present “not proven", but we 
are not authorized in asserting that no such connection exists. 

ELEVEN-YEAR CYCLE IN TERRESTRIAL MAGNETLSM AND 
AURORAi 

Variations in Terrestrial Magnetism-Magnetic Storms— 
Tliere is, however, a direction in which the Sun-spot effect is palpably 
evident; that is the Earth’s magnetism. At magnetic observatories photo- 
graphic traces are taken of the direction and dip of the magnetic needle 
and of the intensity of the force. All the.se elements .show a daily fluc- 
tuation indicating the action of the Sun. The amount of this fluctuation 
waxe,s and wanes in an unmistakable manner in accordance with the cycle, 
being greatest at spot maximum. Moreover, there are occasional “mag- 
netic storms”, when all the elements are violently perturbed, and such 
storms generally coincide with some notable spot on the Sim. 

Maunder’S Results.— We have already alluded to the result 
found by Mr. Maunder, that magnetic disturbances are apt to recur at 
intervals separated by about twenty-seven days, the period for a given 
meridian of the Sun to return to the centre. This proves that the exciting 
cause resides in some special regions of the Sun, from which it is radiated, 
not in all directions, but along definite stream lines, which he compares to 
the long narrow rays in the corona. There is frequently some conspicuous 
spot near the centre of the disc at the time of the magnetic storm, in which 
case we can with great probability connect the two. A tendency has been 
noticed for tire storms to follow the central passage of the spot by about 
one and a half day, so that this would be the time for the stream to travel 
to the Earth. This, hoivever, is speculative, for we do not know that the 
discharge was along a radius of the Sun. We naturally associate these 
.supposed streams with the tails of comets, which are supposed to be 
repelled from the Sun by light pressure. 

AuroR/E. — - Some years before Mr. Maunder’s result, the Swedish 
physicist Arrhenius concluded that the Sun was continually expelling 
tiny, electrified corpuscles, which were the exciting cau.se of the aurora, 
a phenomenon in our upper air which shows a most obvious sympathy 
with magnetic di.sturbances. Sir W. Ramsay continued this research, and 
was able to produce an artificial aurora in a flask, round which a dis- 
continuous electric current flowed. The spectrum of the aurora is found 
to indicate the presence of the rare gas krypton, lately discovered, which 
has remarkable properties of luminosity. The fact that the aurora is far 
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commoner in our polar regions shows that the Earth’s magnetism 
plays an important part in its production. In great magnetic storms, 
however, it invades much lower latitudes. A remarkable solar outburst 
seen by Carrington and liodg.son in 1859 was accompanied by an intense 
disturbance, aurorm extending as far soutli as Cuba. 

CONCLUSION 

We shall now briefly sum up the concliision.s to which our study of the 
univer.se has led us. We conjecture that the “Green Nebulm’’, giving a 
gaseous spectrum, are the embryos of future systems. The gas is ]Drobably 
intensely cold, and shines by electrical . excitement. Much solid matter 
maybe scattered through these nebulm; the spectroscope will only rer-eal 
its pre.sence when it has become heated through concentration and colli- 
sions. When this stage is reached we call the nebula a “white” one. In 
some cases the nebula is the parent of a single star, in otlrers of a pair, 
or even a cluster. When sufficiently condensed it becomes .a helium star, 
after which we suppose that it passes in succc.ssion through the Sirian, 
solar, Antarian, and carbon stages, till finally its life as a sun is over, and 
it becomes a dark star, of which presumably multitudes exist in space. 
We cannot tell whether they are destined to play any further part in 
the scheme of creation. 

W^e described various theories of the manner of development of the 
planets from the solar nebula, conjecturing that the spiral nebuhe gave 
the most probable method by which the distribution of matter was effected. 
We then saw that tidal friction played a most important part in the sub- 
sequent development of the subordinate systems, and that it had ]n-obably 
left its traces, though in different ways, on every orb in the .sy.stem. 

We saw the fiery youth of planets exemplified by Jiqiiter and .Saturn, 
their middle age by the Earth, their decrepitude by Mars, and their death 
by the Moon; not that all follow identically the same history, but there 
is a resemblance of type. It may well be that worlds, and even systems, 
fitted to be the abode of rational beings, are the exception rather than the 
rule; yet certainly the facts that we have learnt about the universe do not 
justify us in asserting that our Earth is absolutely unique in this respect. 

At this point we break off our study of our world viewed from without 
as a member of the heavenly host, and leave it in the hands of those who 
will study it from within, in the light of those records of its past that 
are stamped upon its surface and embodied in its crust. 
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CHAPTER I 

I N T ROD U CTO R Y~D E N U D AT 1 0 N I N 
EXTREME CLIMATES 

INTRODUCTORY 

Evolution of Surface Features of Earth. — Within recent 
years the methods and results of Geological Science have been applied 
with marked success to the study of the mode of origin and history of 
the diverse features of the earth’s surface. The majority of these, so 
far as they are acce.ssible, have been explored, described, and represented 
on maps or charts by generations of geographers. It is, howe^'er, not 
.sufficient merely to describe the globe as it appears at present; it is 
recognized that owing to various causes its a.spect is constant!}' changing, 
and that it must have undergone similar change in the past. Old maps 
and charts record the form and extent in their day of certain coast- 
line.s, islands, and rivers which, on comparison with modern maps and 
charts of those regions, .show evidence of much modification. Similar 
changes must, of course, have taken place in other regions of which no 
written record has been preserved. As a rule, the difficulty in obtaining 
definite historical information concerning geographical modifications in- 
creases as the enquiry is pushed back in time, until finall}' all historical 
records cease and the geographer is forced to turn to other sources for 
aid in his enquiry. 

It is the aim of the present sketch to indicate how geologi.sts, by 
studying step by step the complex series of events in the past histoiy 
of the earth, have been enabled in some degree to supplement the written 
records, and thus to render a signal .service to Geographical Science. 

The service thus rendered is not, however, one-sided, for it is within 
the province of the latter science to study carefully the various agents 
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which are causing modifications in the surface of the earth at the present 
clay; without a knowledge of which and their mode of operation tlie 
geologist would be powerless to solve the riddle of the past The two 
sister sciences cannot, therefore, be separated without seriously crippling 
both.. 

Destruction of the Land. — All land areas are gradually under- 
going destruction in a manner and to a degi'ee which varies in different 
parts of the globe. The material derived by wearing down the land is 
depo.sited mainly on the ocean floor, but a .smaller part may settle in 
inland .sea.s or lakes; some, again, may find a temporary resting place 
on the bottom of valleys or hollows on the land surface, but it generally 
finds its way in the end to the bottom of the sea. . It is now Icnown that 
thi.s destruction has been going on steadily for a very long period of time, 
and it has been calculated that in temperate regions the average level 
of the surface is reduced i ft. in 4000 years. At this rate the whole of 
the present dry land would be reduced to sea level in about 9,500,000 
years. As this period of time is but a minute portion of the most modest 
estimate of the age of the earth, it may be asked how it is that any 
land remains above the level of the sea? 

■ Earth Movements. — On the other band, the surface of the earth 
is subject to slow changes of shape by buckling and warping, which 
elevate parts of the sea floor and convert them into dry land, to be 
attacked in turn as soon as it emerges. There are, therefore, forces of 
repair in constant operation as well as forces of destruction, and according 
to the relative amounts of these opposing forces the distribution of land 
and sea in the past has varied greatly at different periods. Each period 
ha.s had its geography peculiar to itself, and differing from that of every 
other period. If we could reconstruct these geographies for all past 
period.s we should have the material for a fairly complete histoiy of the 
earth. With our present knowledge it is only possible to do thi.s in a 
limited degree at a few critical stages. 

It is proposed in what follows to deal in succession with (i) Dejiudatmi 
or waste of tlie land areas, and (ii) Earth movement or the production 
of new land areas; then to indicate how the geographies of past periods 
can be reconstructed, and finally to trace the various modifications which 
they pa.sscd througli before they gave way to the present condition of 
things. ' • - , 
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DENUDATION 

Ok the agents of denudation it is important to distinguish, 
where possible, between those which break up and reduce the solid 
rocks forming the land surface (JVmthering), and those which carry 
away tiie broken-iip material {Tramportation'). Agaiir, in the process of 
transportation the fine material wears away by friction the rocks over 
which it is carried. To this operation the term Corrasion has been given 
b)’ American geographers, and as no English word exactly supplying the 
need has yet been coined, the American term will be adopted in the 
following pages. The most rapid waste of land takes place n'hen the.se 
various operations are working together. If at any spot weathering is 
active, but the material is not removed, the cover of destroyed rock 
becomes so great as to protect the surface underneath from further 
weathering. On the other hand, if the supply of material is not sufficient 
for the demand or capacity of the agents of transportation, that proce.ss 
stops for want of material to remove. 

Action along a Sea-cliff. — To make the dependence of these 
agents on one another a little clearer, let us consider what happens along 
a sea-cliff. The rocks in the upper part of the cliff are broken up into 
small fragments by the various agents of weathering which will be con- 
sidered below, and the fragments fall to the bottom. Here they are 
battered bj' the waves against one another and against the solid rocks 
at the base of the cliff, and still further reduced in size until they can 
be carried away. During this process the base of the cliff is also being 
gradually worn away and undermined, thus favouring the slipping of 
material from above. If, now, the fragments fall faster than the sea 
is able to remove them, they accumulate at the bottom and prevent 
the waves from reaching the base of the cliff and undermining it. On 
account of l^oth the.se causes the slope along which the material is slipping 
becomes less and less, until finally the .slipping stops and the weathered 
material remains where it is produced, forming a cover which serve.s to 
protect the rock underneath from the weather. The process of destruction 
or denudation then ceases. On the other hand, suppose the cliff to be 
so low that at high-water the sea i-eaches to the top. The action of 
weathering is therefore very small, and, for the purpose of the illustration, 
may be supposed to be absent. Water which carries no solid material 
in suspension has little power, if any, of wearing away solid rock though 
dashed against it ever so furiously. The waves at the base of our cliff, 
therefore, not being provided with material to hurl at the .solid rock, 
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produce scarcely any effect upon it, and the process of destruction again 
ceases. The ca.se i.s quite othenvise when the .sea is furnished by the 
agents of weathering with just as much material as it can remove, as 
frequently happens in the south and east of luigland, wliere tlie coast 
is made of incoherent sand, soft clay, or chalk. The rate of destruction 

i.s then extremely rapid. 

The mo.st important agents OF WEATHERING or disintegration are 
frosty heat^ and vcgetation\ '^\A& the chief AGENTS OF TRANSI’ORTATION 
are running %mter, zuind, ice, and landslips. The mode of action and 
relative intensity of all of these vary greatly with climatic and other 
conditions ; thu.s in the arid regions near the tropics, where frost is 
absent, the rocks are broken up by the rapid expansion during the day 
and contraction during the night; rains are infrequent, but are A'ery 
violent while they last, and wind becomes an important agent of trans- 
portation. In the Arctic regions and on high mountain ranges, where 
the cold is intense, frost takes a primary part in shattering the solid 
rocks; there rains are unknown, and the greater part of the material is 
transported by ice and by the wind. It is important, therefore, in order 
to obtain a clear idea of the mode in which the surface of tlie earth' i.s 
reduced and sculptured by the agents of denudation, to consider separately 
. the action of these agents in — 

1. Regions near the Tropics. 

2. Regions of great cold. 

3. Temperate regions. 

DENUDATION IN REGIONS NEAR THE TROPICS 

In the sub-tropical regions on each side of the Equator there are 
enormous tracts where the rainfall during the whole year docs not exceed 
25 in. and frequently falls below lo in. As mo.st of the rain falls during 
a few days, great drought prevails for the remainder of the }mar, resulting 
in the formation of deserts. The most important of tliese rainless tracts 
extends between 1 5 and 45 degrees of latitude north of the Equator across 
North Afri'ca, Arabia, and Persia, into the interior of Asia, and on it occur 
the principal desert areas of the world. The Sahara, the Arabian De.sert, 
and the Desert of Gobi will .serve as examples. In the western hemi.sphcre 
the arid tracts of Mexico and Colorado lie on the same belt. A corre- 
sponding tract extends within the same limits of latitude south of the 
Equator; on it lie the Peruvian Desert in Western South America, the 
Kalahari in South Africa, and the great interior desert of Australia. 
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7\n immediate consequence of the absence of rain is the failure of 
vegetation of the normal type. Most plants are dependent on a fairly 
regular supply of water; therefore they cannot thrive in desert areas 
where the supply, though abundant at certain periods, is cut off almost 
completely for long intervals. In the absence of vegetation the rocks are 
unprotected from the fierce heat of the sun which pour.s down on them 
day after da.y for months at a time. Deserts are therefore due to a 
combination of climatic conditions resulting in a small annual rainfall 
distributed over a few days of the year only, in comsequence of which 
vegetation of normal type is unable to flourish. 

Insolation. — Under these conditions the proces.ses of weathering are 
peculiar and interesting. The heat of tlie sun during the day falls on 
the rocks unprotected by any vegetation; a part is absorbed and raises 
the temperature of the rocks, while a part is reflected and heats the air 
in the neighbourhood. The external layer of rock facing the sun is 
heated rapidly, while the interior receives heat from the outside by con- 
duction, which in rocks is a slow process. The rise of temperature causes 
expansion or stretching, and as the outer layer is at first much hotter 
than the interior, its expansion is correspondingly greater, so that the 
rock mass is, at it were, encased in a skin which is too large, and 
therefore, tends to buckle or warp. On account of the extreme dryness 
of the atmosphere clouds are absent in these regions for long intervals; 
under these conditions the surface of the earth at night gives off or radi- 
ates heat with great rapidity, and the air near the ground is extremely 
cold. The rock masses then lose the heat which they received during 
the day, and the process is reversed; the outside layer cools quickly, 
while the interior is still hot. The skin then contracts and becomes too 
small; it tends, therefore, to burst or fly apart. Ily a repetition of these 
processes day after day and night after night, the surfaces of rocks 
exposed to the sun peel off in thin plates, and in so doing expose fresh 
surfaces, which behave in a similar manner. This mode of weathering 
has been termed INSOLATION (exposure to the .sun’s rays); it depends 
essentially on great temperature-differences between day and night, which 
is the most striking characteristic of desert regions. The Desert of Gobi 
at night has been compared with Siberia, but during the day to tlie hottest 
part of India; in half a day the temperature changes 40“ C, or 72'' F. 
In the Sahara the difference is still greater, for the thermometer during the 
day often registers 140° to 160° F., but falls at night to 4 01- 5 degrees 
below the freezing-point of water. It is small wonder, therefore, that the 
rocks often burst with great violence and with a succession of reports 
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which has been compared to small artillery fire. The effect is most 
marked in rocks which are made up of small grains of minerals of different 
colours (the so-called crystalline rocks); the rate at which beat is absorbed 
varies greatly with the colour, so that different parts of the rock surface 
expand and contract unecjually. In the Sinai peninsula the granitic rocks 
have so sufiered by this action that a blow from a hammer causes an 
apparently massive rock to fly into a multitude of small fragments. 

Transportation.— Having now seen how the solid rocks are broken 
up, let us consider how the resulting materials are moved from place to 
place. As the rainfall is extremely small, except at certain periods, running 
\\’ater can play but a small part in this operation, and the work of trans- 
portation is carried on almost entirely by wind, which is frequently powei- 
ful, and in most desert regions blows from nearly the same quarter for a 
great part of the year. Wind having a velocity of i6 to 17 miles per hour 
is capable of driving along easily grains of sand about the size of small 
shot, but during hurricanes stones weighing 3 to 3 lb, have been known 
to be moved. It is recorded that after a violent rvindstorm .stones from 
I to I J in. in diameter were observed to fall, after having travelled a dis- 
tance of over 90 miles. The small sand-grains and fine dust driven along 
before the wind act on the solid rocks over which they pass in the same 
way as the sand-blast used for engraving on, and drilling holes in, glass. 
Rock-masses and isolated boulders lying on the desert arc ground, scratched, 
and sometimes polished like a mirror, so that the whole surface looks as 
if it had been varnished. The effects produced by the abrasion of wind- 
borne material are peculiar and are only obtained bj' its means. As rock.s 
are seldom of uniform hardness, the “sand-blast” action affects different 
parts in different degrees; the soft places arc picked out and worn intrj 
curious channels and hollows, leaving the harder portions standing in 
relief. In this way the most fantastic forms are frequcntlj' obtained. 

ZEUGJiN. — A large part of the African desert is fm-med of lioi-izontal 
layers of hard and soft rocks, and the surface-level of the desert is usually 
determined by a hard layer which protects the softer bed.s underneath. 
These horizontal beds are traversed by cracks and joints, which divide 
up the surface into a network. The .sand-grains acting along these cracks 
graduall}/ wear away their edges and widen them, thus producing deep 
fissures, spreading in all directions and cutting up tlic surface into a 
number of isolated columns of soft rock, capped by a harder layer. 
According to Walther a new w'eathering agent then comes into play, 
the mode of action of which is , in.structive as showing how great results 
can be produced by a comparatively insignificant cause if alkm-crl to 
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act for a sufticient length of time. On account of the rapid cooling of 
the surface by the excessive radiation at night, there is a heavy fall of 
dew, which during the clay remains longer in the sliady places than in 
those exposed to the sun. The water attacks the solid rock, dissolving 
it .slightly and loosening its grains. When the dew disappears the loose 
particles are blown away by the wind, thus increasing the size of the 
shaded area and enabling a greater amount of cleu' to remain on it next 
time. This action goes on increasing until large hollows are worn away 
underneath the hard layer forming the top.s of the columns. As the 
effect of dew is necessarily greatest in the .shado\\- of the protecting; cap, 
and decreases away from it, a characteristic form is imparted to these 
columns (fig. 9). They are known by the German name of ZeugeN. 
In time the cap becomes undermined and falls, leaving the soft support 
at the mercy of the destructive sand- 
blast. It is then .soon reduced to the 
level of the next hard bed, and when 
the other pillars have been removed in 
the same manner the lower bed becomes 
the surface of the desert, and the pro- 
cesses sketched above begin over again. 

The effect of hard and soft rocks is produced in the Egyptian desert 
in ejuite another way. A hard brown crust of oxides of iron and man- 
ganese forms over the surface of the rocks regardless of their nature. 
It also covers cliffs and projecting masses, from which it frequently peels 
in strips from some cause as yet une.xplained. The exposed parts are 
immediately attacked by the wind, and window-like recesses are carved 
out; the rock beneath is hollowed bj’- the combined action of wind and 
dew into large cavities, which frequently unite with one another behind 
the ci-LKst. A similar effect is produced on the outstanding pillars or 
‘•Zeiigen”, when the peeling of the brown crust in patche.s allows the 
wind to erode them into the most grote.sque patterns. 

The effect of the wind-borne grains on pebbles lying on the desert 
is to wear flat faces or facets on them, and as the wind blows from one 
quarter for a long period, the.se facets have a constant direction; a 
change of the wind gives rise to new facets. The result, in general, is 
to develop three of these, which meet in an obtuse angle. 

Desert Sand-Graius.- — A peculiarity of desert sands is their very 
high degree of rounding, brought about by the continual buffeting to 
uhicli they are subjected again.st one another and against the surface 
over which they pass. As a rule they are almost sjiherical, and on 
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account of the sorting action of rvincl are of uniform size. The.se 
characteristics are convej'ed in the term “millet-seed” sands which has 
been applied to them. 

At rare intervals, violent storm.s accompanied by licfuy rain.s pas.s 
over the desert, when all the gullies and channels on the bordering 
slopes are .swept by water which floods the plains at the foot. These 
floods are remarkable for their sudden appearance and for their ^'iolenc:e. 
A great deal of water tran.sportation takes place on those occasions, 
and the corrasion must be considerable, for the blocks carried down are 
often of enormous size, and are usually well rounded. The sand, gravel, 
and coarse material are distributed in sheets on the plain, and such of 
it as is of the proper size is picked up and borne along by the wind 
when the rains have passed. The water which flows over the desert 
disappears partly by evaporation and partly by soaking into the ground. 

^ It is known that a great 
—y ' deal of water exists under 

-> — . many deserts, which can 

Fig. io.-'rhe Initiation bc reached by boring. 

This method is pursued 
along the northern margin of the Sahara, and, in consequence of the 
supply of water thus obtained, a great deal of land has been reclaimed 
for cultivation. 

DEPOSI.T.S IN Desert Areas.— The deposits around the borders 
of the desert have been already mentioned; in addition to these are 
the accumulations of material by wind agency. The.sc are known as 
IjUNE.s, and arc highly characteristic of the agent which produces them. 
Any object, such as a stone or a plant, on the surface of the desert in 
the path of the wind serves to start a dune, but in some cases they may 
ari.se without any of these. The wind carries along grains of .sand of 
various .sizes up to a certain limit; a slight lessening of its force causes 
it to drop the heavier ones; these act as obstacles to the lighter grains, 
which begin to heap around them. . As soon as this happens the forma- 
tion of dunes begins. The sand is driven up the slope on the windward 
side and blown over the top; on the leeward side there is some shelter, 
and a u'ind eddy or swirl is caused. Many of the grains blown over the 
top are carried down by the swirl, and some of them arc left where they 
fall; but others are picked up by, the upward swirl and carried into the 
wind current again (fig. lo). A' -swirl of this kind can often be observed 
in a dusty lane when a high wind is blowing across it. The; dust doe.s 
not accumulate on the windward but on the leeward hedge, as is shown 
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in illustration (fig. ii). When a dune . has been started it continues, to 
grow vertically and horizontally at right angles to the direction of the 
rv'ind. The eddr’ on the lee side is greater where the dune is highe.st, 
so that the excavation on that side is greater, or, in other words, les.s 
tnaterial is allowed to settle there than where the dune is lower. Con- 
sequently the ends of the dune.s are pushed forward mure rapidh' than 
the centre, and a crescent is formed with the horns pointing foruMrd. 
As a rule these crescents grow end to end, and there is generally a 
parallel series in front and another be- 
hind. The windward slope is always 
less than the leeu-ard, and a succession 
of dunes therefore presents a profile 
somewhat as shown in the figure (fig. 

12). Variation in the direction and Fig. n, -.Diagram illustrating the" Swhi'' in 

^ ^ ^ , . , , ■ a Narrovr Lane. The .nn-owsi indieate the 

force of the wind causes the dunes to direction or the wind-currents 

shift or migrate, and very complicated 

forms generally result from this cause. This migration of dunes is a 
phenomenon often observed in desert areas, though it is not confined to 
them. When the wind blows from the west in the Desert of Atacama, 
which stands at a high altitude on the borders of Bolivia and the Argen- 
tine Republic, the sand is driven on to the eastern slopes of the Andes 
in .such quantity that it descends into some of the valleys on that side 
like great rivers, grinding and polishing the rocks over which it passes. 

Deskrt L.AKES. — Although on a large scale the surface of a desert 
may be a plain, yet there are usuall}' hollows in which pools of water 



collect at certain seasons of the year. ^ 

In some cases these may be of 

great extent, and the water may 

per.sist throughout the diy intervals. 

Material is carried . into, these pools * i„7icS th™dtcctim?or the . 

by water, and .some is blown in by 

tlie wind. Water carries matter in suspension as well as in solution; 
the suspended matter gradually settles and accumulates on the bottom. 
During the dry spells the quantit)' of water i.s much diminished, and 
great stretches of fine mud are exposed round the margins. The heat 
of the sun in drying the mud causes it to shrink, and a S3^steni of cracks 
is developed which is rather characteri.stic. The tracks of animals in 
search of water are imprinted on the partially dried mud, and if a shower 
of rain falls the drop,s produce a pitting of the surface. the evapora- 
tion of the water the total amount of di.s!5olved matter increases gradualKr 
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and after a sufficiently long period may accumulate to such an extent 
that precipitation occurs. In this way deposits of common salt, gypsum, 
and other chemical .salts are frequently formed in desert areas. I'hese 
facts are mentioned here because, as we shall see later, similar pheno- 
mena have been observed in some of our ancient deposits, and hence a 
clue is obtained as to the climatic conditions under which those deposits 
were formed. 

DENUDATION IN REGIONS OF GREAT COLD 

Around both poles of the earth at the present day there are extensive 
tracts where the mean annual temperature does not exceed that of the 
freezing-point of water (32° F.), so that the snow and ice which accumu- 
late during the long winters are not thawed away by the heat of the 
short .summers. These conditions also obtain at great heights in various 
latitudes, even on or near the Equator, as, for example, in the Andes of 
South America, and Rinvenzori, or the Mountains of the Moon in Central 
f Africa. 

Snow Line. — Places where the summer melting of snows just keeps 
pace with the fall during the winters are said to be on the SNOW LINE. 
In high northern and southern latitudes the snow line descends to sea- 
level, but it rises towards the Equator to a height of about 16,000 ft. 
In Norway it stands at about 5000 ft., in the Alps at about 9000 ft., 
i while in the Himalayas it descends 3000 to 4000 ft. lower on the south 
than on the north side. It does not follow that the whole ground above 
the snow line is occupied by snow, for the .slopes are frequently too steep 
to allow of its resting on tliem; and again, the fine powdery condition 
of the snow which falls in those regions renders it liable to be blown off 
the exposed places into gullies and sheltered hollows. 

Frost. — In cold regions weathering is brought about by the action 
of frost. It is well known that a given volume of water increases in 
bulk on freezing, and diminishes by a corresponding amount on thaw- 
ing. During warm weather the water insinuates itself into cracks and 
crevices in the rocks, and when the temperature falls to freezing-point tire 
increase in volume forces the walls of the crevices apart. As this action 
is repeated the crevice grows wider and wider, until the rock-mass on 
one side or the other loses its balance and topples over. The re.sult 
is very similfir to that produced by unequal contraction and expansion 
on rocks in a desert, but in cold regions the action does not depend so 
much upon extremes of temperature as upon a change of a few degrees 
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alternately above and below the freezing-point. For instance, tlie shatter- 
ing of the rock-.s would be much less if the temperature alternated rapidly 
between 35" F. and 45° F., or between 15° F. and 25° F., than if it varied 
between 25° F. and 35° F., as in the last case freezing or melting would 
take place every time the temperature of 32“ F. was crossed. The effect 
is accelerated if planes of weakness exist in the rocks, either as joints, 
bedding- planes, or cleavage -planes (see pages 100, 145), and is most 
marked on the crest of mountain ranges where a thick mantle of snow 



Fig, ig.—ilTie Ptilpit Rock, Sdlly, showing die accumulation of weatheretl granite (Geol. Survey Photo.) 


cannot accumulate on account of the steep slopes or the absence of 
precipitation. Also, under such conditions transportation by ice or running 
water (see below) is often ineffective, and the shattered rocks accumulate 
in immense heaps until the mountain crest becomes buried under its 
orsm ruins. This is especially illustrated on the high central chain which 
tr.'ivei’ses the north of Tibet. The illustration (fig, 13) shows a somewhat 
similar phenomenon on one of the granite tors in the Scilly Isles. 

Transportation is mainly effected by gravitation, wind, and ice; 
the last is, however, by far the most important, and must be treated at 
some length. Some of the fragments dislodged in the higher parts of 
a mountain range fall down the slopes, and, with a constantly increasing 
number of others loosened and dislodged in their progre.ss, shower down 
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into the valleys, encumbering- them with angular masses of rock of all 
sizes. In the valleys bordering the Tibetan range mentioned above there 
is now very little transportation by ice or running water, and the valleys 
are being gradually filled up by material of this kind. Such valleys have 
a cross section unlike that of ordinary valleys, and are known a.s PAMIUS. 
Under certain conditions wind may become air effective agent of trans- 
portation, especially when the amount of precipitation is small. 

Ice and Snow. — The quantity of material transported by wind and 
gravitation bears, however, but a small proportion to that carried by ice 
and snow. Above the snow line so much of the fall of one season as is 
not wasted by thawing or evaporation remains on the ground until it 
is covered over by the next season’s contribution, and thus the falls of 
successive years accumuhate to form SNOWriELDS. On account of the 
prevailing cold the snow as it falls is in a fine powdery condition, but 
in some way not fully understood it soon passes into a granular mass 
full of air-bubbles; it is then known as neve, or FIRN, which gradually 
passes over into fairly hard but poi-ous ice. The accumulation of suc- 
cessive years sets up great pressure at certain points in the frozen mass; 
..when it exceeds a certain limit the whole mass begins to move away 
from the region ■ of great pressure. 

Glaciers. — Once set in motion, the ice continues to move so long as 
the pressure is kept up by fresh accessions of snow ; its function as a carrier 
or transporting agent then begins. Snowlields vary in .size according ti.i 
the altitude and latitude. In low latitudes they are usually small, but 
those around the poles are of enormous extent. The area of the North 
Polar field has been estimated at 300,000 to 400,000 sq. miles, or about 
Soo times that of the snowficlds of Switzerland ; wliilc around the 
South Pole there is believed to exist an area of 3,000,000 to 4,000,000 
sq. miles of snow and ice. In low latitude!?, again, the snowfiekls ii.snallj/' 
form on the high ground at the heads of valleys, and under the influence 
of the great pressure the ice finds its outlet down the valley.s, giving ri.sc 
to those “rivers office” known as glaciers. Tho.se of the Alps are well 
known, and have been exhaustively studied, and valley-glaciers originating 
in this manner, wherever they may occur; are known as Alpine glaciers. 
In higher latitudes it .sometimes happens that the glaciers do not end 
off in the valleys, but descend to the low ground at the foot of the 
mountains, where they unite to form one large glacier, From thcii- 
mode of occurrence at the foot of the mountains they are known as 
Piedmont glaciers. Of such tlie best known is the Malaspina Glacier of 
Alaska. 
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Ice-Sheets. — In still higher latitudes the ice-cover is thick enough to 
bur\' all the land features; the surface of the field is then independent 
of the form of the ground underneath, and movement of ice takes place, 
not from the highest points of the land, but from the places where the 
fall of snow i.s £>;reatest. These places may in some cases be over the 
sea, and there may be more than one centre from which the ice radiates. 
An extensive cover of this kind is termed an ICE-.SHEET. We shall pro- 
ceed briefly to describe these various types and the main effects produced 
by them, beginning with the simplest kind. 

Alpine Glaciers.— The slopes above an Alpine glacier are frequently 
free from snow aind bare of vegetation, consequently the rocks which 
form them suffer severely from fro.st action, and are shattered and splin- 
tered into angular masses of all sizes. Many of these tumble on to the 
margins of the glacier, and as the latter moves down the valley the debris 
encumbering its sides continues to increase. The material carried by a 
glacier is known as moraine, to which different names are applied accord- 
ing to its position in or upon the glacier. That which collects at the sides 
in the manner indicated is known as JIARGINAL MORAINE. As the ice- 
stream travels slowly down the valley it is joined by other streams from 
neighbouring valleys; where they meet, one of the marginal moraines of 
the tributary glacier unites with that marginal moraine of the main valley 
which lies nearest to it to form a single moraine occupying a .strip along the 
middle, and known as a MEDIAL .MORAINE; the others then become the 
marginal moraines of the new glacier. This process is repeated each time 
the glacier receives reinforcements from tributaries, until there may be 
several lines of medial moraines. These do not remain for long as narrow 
strips on the middle of the glacier, but begin to spread and to wander over 
the surface. If the distance is not too great, the material from two medial 
moraines mingles, and in the lower parts of the valley it is often difficult to 
distinguish the lines of moraines amid the litter of rubbish which cumbers 
the surface of the ice. 

The mode of w'andering of moraine material is interesting, and takes 
place somewhat as follows: During the clay, especially in summer, 
thawing is active at the surface of the glacier, and if a large stone lies on 
the ice it protects the part immediately underneath from the heat of the 
sun. Therefore, while the ice all round is thawed quickly, that under- 
neath the stone scarcely suffers, and remains behind as a pedestal on 
which the stone is poised, Thawing of the pedestal proceeds very slocvly 
on the side away from the sun, but more quickly on the other .side, Tlie 
stone is therefore undermined on the sunny side and topple.s over, leaving 
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unprotected the little ice mound, which then vanishes c[uickly, and the 
process is repeated under the stone in its new position. In this manner 
stones travel quite long distances along the surface of the glacier. The case 
i.s altogether different if the stone is a thin flat one. Dark-coloured sub- 
stances absorb or take up heat more readily than white or light-coloured 
ones; therefore a stone heats more quickly than ice when e.xposed to 
the sun’s rays. If the stone is thin this heat is passed on to the ice 
underneath, which therefore melts more quickly than the surrounding 
portions, and the stone sinks until it is too deep to be reached by the 
rays of the sun. Even little heaps of dust will set up this action, and 
holes a foot or two in depth made in this way are of frequent occurrence 
on some glaciers, sometimes proving a trap for the umvar)- pedestrian. 

Comparatively little material finds its way into the glacier by these 
means as compared with that borne in by streams. When the ice thaws, 
the surface of the glacier is occupied by a great volume of water which 
runs along the margin or finds its way inside along the numerous cracks or 
fissures known as CREVASSES, which traverse the ice often to great depths. 
The stream of water falling into one of these fissures carries with it from 
the surface dirt and stones, which it whirls round and round until it 
succeeds in grinding a hole through the ice and finding its way to the 
bottom. These holes in the ice into w’hich streams of water pour are 
known as “glacier mills”. The mill-action sometimes goes on in the 
solid rock underneath, and round holes worn in this way arc of frequent 
occurrence in valleys which have been recently occupied by glaciers. 
Sometimes the stream, before reaching the bottom, finds a channel in the 
ice and follows it, depositing much of its suspended material in its course. 
Such material and all other which is carried in the ice is said to be 
ENGLACIAL or INTR.AGLACIAL. Some is also pushed along underneath 
the glacier, and is known as GROUND MOR.AINE, 

The average temperature down a valley is higher than at the head, 
so that the ice w'astes by thawing and evaporati(3n the more quickly the 
farther down it moves. A part of the valley is ultimately reached where 
the waste just keeps pace wdth the supply, and the glacier can get no 
farther. All the material which was carried in, under, or upon the ice 
is then dropped as a TERMINAL MORAINE. This follows the form of 
the snout of the glacier, -which protrudes farther in the middle than at 
the sides ; a crescentic ridge therefore results, which stretches acros.s the 
valley. ■ 

Erosion bv Glaciers. — 'In addition to their actual carrying capacity, 
glaciers act as powerful agents of destruction in another way, I’lic great 
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iveight of ice moving down the valley presses heavily on the bottom, and 
grinds away the surface underneath. This action is assisted by the stone.s 
which have worked their way through the ice, and whicli, held in the 
frozen mass, plough their way along, scoring and grooving the solid rocks ; 
the stones themselves suffer a similar treatment, and are slowly ground 
atva}'. Projecting pieces of rock on the sides of the valley are often 
wrenched off and borne away, tearing and scratching the solid rocks 
along their course. Those valleys which have in recent times held 
glaciers have a character quite their own. The bottom and sides, up 
to the limit reached by the ice, present smooth, worn outlines when 
viewed looking down the valley, but a nioi'e rugged a.spect ^\d^en viewed 
from the opposite direction. Again, faces of bare rock, rounded, scratched, 
grooved, and sometimes highly polished, testify to the intense abrasion 
which they have undergone; they are known as ROCHES MOUTONNliES 
(see fig. 40, p. 3, vol. II). 

Glaciated valleys have a broad U-shaped cross section, ^vhich to the 
experienced eye at once discloses the agency which shaped them. Con- 
siderable differences of opinion still exist as to the limit of possibility of 
abrasion by ice. Some have claimed that deep lakes of great extent have 
been scooped out of the rock by this means, and that wide valleys have 
been carved to the depth of hundreds of feet in some regions by the same 
agency, Others maintain that the whole power of a glacier is taken up in 
carrjdng its load, and all that the ice can do is to remove a certain amount 
of loose material from the surface of the land and slightly polish the rock,s 
underneath. The truth probably lies in most cases between these extreme 
views. It seems certain that some lakes do lie in basins scooped out of 
the solid rock, though their number is much smaller than it u’as at one 
time believed to be; further, there is no doubt that in some cases glaciers 
have left a very lasting proof of their efficiency as agents of erosion, but 
in others which were thought to afford similar proof an exiilanation has 
been found in circumstances that had escaped recognition. 

Glacier Motion. — The rate of movement at various points of a 
glacier has been determined by planting a .series of stakes across it, and 
noting their positions from time to time. In this way it has been ascer- 
tained that the central part moves faster than the sides, vdiich arc; held 
back by fidction, and for a like reason the upper la3-’ers move fasler than 
the lower ones. The motion is greater in summer than in winter, so that 
it depends in some way on temperature. Further, it is conditioned bj- tlie 
slojDe or gradient of the upper surface of the ice, being greater for a sleei) 
than for a low gradient; and finally it depends on the thickness of Iht' 
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ice find upon the load, the last having a retarding effect, as might be 
expected. With regard to the actual rate of motion it ha.s been found t(j 
vary within rather wide limits. The mean rate for the be.st-.studied Swi.ss 
glaciers is from i to 4 ft per clay. 

From underneath the end of an Alpine glacier tliere cmcrge.s a tur- 
bulent stream, thick find muddy with the .sediment derived from the 
grinding of the rocks within and under the ice. Thus sediment is known 
as “ glacifil flour ” or " glacial meal ”, and is so extremely fine that it 
settles with difficulty in still water. 

Piedmont Gdaciers are best known in Alaska, where several glaciers 
of the Alpine type descending from the Mount St. Elias range unite at the 
foot to form the single Malaspina glacier. This type presents certain 
peculiarities which mark it out from the other types. In the first place 
its motion is exceedingly small, and many parts of it, especially near the 
margin, are at rest, or in the condition of dead or stagnant ice; also it 
gives origin to numerous streams which flow along the .surface of the ice 
and over the plain beyond, covering that with a vast sheet of pebbles and 
sand derived from the moraines. In places the ice has been stagnant for .so 
long a period that it has been buried underneath the.se spreads of detritus, 
which now bear abundant vegetation and even forests of tall trees, When 
the ice finally melts, the whole surfiice, carrying with it its vegetable 
growth, must subside bodily. , ■ 

CONTINENTA.L Glaciers or Ice-SIIEET.S.-— The.se are found around 
both poles of the earth. The Arctic ice- and snow-fields have been more 
thoroughly explored than those of the Antarctic, but even, in tlie better- 
known region the knowledge hitherto gained has only touched the fringe of 
that huge area of desolation. This is still more the case in the icy waste.s 
around the South Pole, which are estimated to have an extent of 3,000,000 
to 4,000,000 sq. miles. This estimate is itself of necessity vague from lack 
of information as to the limits of the ice; but when compared with the 
300,000 to 4.00,000 sq. miles of the North Polar ice-sheet, about which there 
i.s still so much to know, the magnitude of our ignorance concerning the 
giant southern field can be to some extent realized. 

GRF.KNI..AND ICE-SHEET., — The Arctic ice-sheet has been studied 
chiefly near its southern margin in Greenland and Spitzbergen. In the 
south of Greenland there is a fringe of land which is free from ice for the 
greater part ol the year, and supports a scanty population. Farther Inland 
the valleys are occupied by glaciers of the ordinary Alpine type; while 
still higher up the thickness of ice iiicreasesi covering more and more of the 
ridges between the valleys, until finally all but the highest pealcs di.sappcar 
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underneath the mantle of ice and snow. The points which prc^ject. above 
the sheet are known bj'- the natives eis nunatakkr (a term wh ich has been 
received into current glacial literature under the form NUNATAKS). In the 
inland parts the ice-sheet covers everything, and appears to rise to con- 
siderable heights in the unexplored regions in the centre of Greenland. 

Movement of Ice-sheet.— -An ice-sheet behaves in niEiny re.spects 
very differently from Alpine glaciers. The latter arc confined, as it were 
in grooves, by the sides of the valleys, and are forced to move along those 
grooves. This must be true to a certain extent of the lower layers of an 
ice-sheet; but the upper layers, which are far above all land fcEitures, are 
free to move in any direction independently of those. Thus, it is possible 
for the upper and lower layers of an ice-sheet to move in different direc- 
tions. An important consequence of the independence of an ice-sheet of 
land features is that motion does not necessarily take place away from the 
points where the land is highest, but from the points where the ice is 
thickest, and therefore heaviest. These are the points where the snow- 
fiill is greatest, but are not of necessity the coldest points, being deter- 
mined by various climatic conditions in the same way that the places of 
greatest rainfall are determined in warmer regions. 

Transportation by Ice-.sheets. — T he surfEice of an ice-.sheet inland 
is formed of clean ice and snow, as there are no rocks exposed above it to 
cumber it with debris; but where the nunataks begin to appear they give 
rise to moraines similar to those on an Alpine glacier. The load of an 
ice -sheet is mainly carried by the lower layers of ice, or pushed along 
underneath, and is therefore known as a SUBGLACIAL load. On account 
of the irregularity of the floor over which the sheet move.s, and in other 
wa_vs not yet sufficiently explained, a great clcid of material derived from 
underneath penetrates well within the ice, forming. an englactal load. 
Another feature of importance is the elaborate river -system which i.s 
often der^eloped inside the ice. These streams CEirry and distribute their 
deposits just Eis ordinary streams do, and if the ice were to melt a^vay, 
the stream deposits would be dropped on to the land surface imme- 
diately underneath. As the streams within the ice are obviously inde- 
pendent of the shape of the land, the deposits would cross liill and dale 
alike. Lines and ridges of deposits of this kind ha\^e been obsei-verl in nuinv 
districts which are known to have undergone glaciation. I'hcy liave Ijoen 
given various names, such as A.SAR (pronounced osar) in Scandinavia, 
E.SKKRS in Scotland, and KAME.S in Irckind, In high latitude;; the glaciers 
frequently end off, not in a tapering snout, but in a vertic;il oj- overliang- 
ing cliff, which is known f.is a “Chinese wall”. It i.s characteristic of 
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glaciers which are at present advancing; those which terminate in the 
manner of ordinary Alpine glaciers are receding. 

Uphill Movkmp:nt—Iceijergs.— Observations carried on near the 
margins of the ice in Greenland and Spitzbergen have shown that glaciers 
can move uphill and cany material to considerable heights. Thi.s takes 
[rlace by shearing or slipping of the layers of ice over one anotlier, due to 
the great weight pushing from behind. Marine shells have been found 
in moraine material at a height of 400 ft. above .sea level, and must have 
reached that position by an uphill movement of the ice. In the same 
manner contortion of the. frozen moraine material and of the underlying 
strata are produced. The importance of these observations will appear 
when the glaciation of former times is considered. The deposits of the 
Arctic glaciers are somewhat similar in character to those of Alpine 
glaciers, hut inasmuch as many of them descend to sea level, other dcpo.sits 
are formed in the sea by the melting of icebergs and floes, .some of which 
may be carried to great distances away from the parent ice mass. The 
packing and stranding of floes along coast-lines causes the grooving and 
polishing of hard rocks and the contortion of softer strata. 


CHAPTER II 

DENUDATION IN TEMPERATE REGIONS— 
DEPOSITION 

DENUDATION IN TEMPERATE REGIONS 

We have already considered the proce.sses of denudation under extreme 
climatic conditions, and have seen that on the whole they arc charactei-iz(xl 
by their simplicity. In temperate regions this simplicity is largely lost 
sight of, for the number of agents of weathering and transportation is 
much greater, and their action is complicated by causes which were 
absent in regions of extremes of temperature. The most important of 
these is the presence of vegetation, which under some conditions actively 
assi.st.s weathering and transportation, and under other conditions retard.s 
one or both of these processes. Vegetation also exerts an impcn-tfint 
influence upon climate, and as a consequence upon the direct operation ■ 
of denudation. 

Weathering. — Extremes of heat produce results similar in kind 
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tliough not in degree to those which obtain in desert areas. Vegetation, in 
serving as a protection to the rocks and in ameliorating the climate, lessens 
the effect that would otherwise be produced by this means. 

FR0.5T ACTION during the winter is particularly vigorous in .shattering 
the rocks, and indeed is the most effective agent of weathering; its action 
is to some extent retarded by vegetation, though in most instances it 
is accelerated. 

Vegktation. — The weathering action of vegetation is of a twofold 
nature, the one a direct, the other an indirect effect. It is well known 
that abundant vegetation, especially of trees and dense shrubs, increases 
tlie rainfall of a district, and consequently the rate of weathering and 
denudation. This is the indirect effect The roots of plants, in penetrating 
into the soil, loo.sen and disintegrate it; further, they are often insinuated 
into cracks and fissures in the rocks, and as they grow tend to force 
them apart. This of itself slowly breaks up the rocks, but in addition 
it allows water to enter the cracks, so that on freezing it enlarges them 
still more. 

Another agent of weathering, which is much more pronounced in 
temperate regions, is chemical .solution. Rainwater, which carries 
certain gases in solution, slowly dissolves the rock.s and carries away 
the material. Its solvent effect is greatly increased by the organic acids 
rvhich it takes up in passing through decayed vegetation. Certain kinds 
of rocks rich in carbonate of lime are removed in large quantities in this 
way. 

Agents of Transportation.— Gravity acts in the same way as 
in other regions. Wind is less effective on account of the protection 
afforded by plants, but it serves to remove much fine material from the 
surface of the land and to blow it into streams or directly into tire sea. 
Glaciers do not occur, but somewhat similar results are produced on a 
small scale in winter by the sliding and slipping of snow on slopes, 
while, locally, landslips produce very destructive effects. 

Running Water. — But the distinguishing feature of denudation in 
temperate regions is the predominant part played by running water in 
transportation and corrasion. The topography is almost entirely deter- 
mined by this agent, and the kind of surface formed is, in its main char- 
acteristics, distinct from that produced by wind or by ice. If we considei 
any river system with which we arc familiar, we percei\T; that it is mack; 
up of a branching series of channels of varying width, length, and rleptli, 
each carrying a stream of water which bears some relation to its size. 
Each stream, whether it be a runnel on a hillside or a great body of 
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Avater like the Mississippi, takes its part according to its capacity in 
removing material from the surfiice of the, land and depositing it at a 
lower level either on the bottom of a valley, in a lake, or in the sea. 
It is convenient to speak of the sediment which a current of water carries 
in suspension or pushes along the bottom as the load. Tire friction of 
the particles against the bed of the stream rvears it dirwn by corrasion, 
■so that the action of a stream consi.sts of two parts: (i) carrying its load; 
(2) wearing away its channel. It is important to remember that the 
power of a .stream at a given point and time is a fixed quantity depending 
on certain conditions which will be di.scussed below; so long as these 
conditions do not vary its power cannot be increased or diminished. Now, 
if a part of the power is taken up in carrying its load, less must be avail- 
able for wearing down its channel; on the other hand, a stream which 
is rapidly wearing away its bed cannot carry as large a load as a similar 
stream which is hot doing work of this kind. This point i.s frequently 
lo.st sight of, and one is tempted to imagine that a river in flood, thick 
with sediment, must be wearing down its channel at a great rate; so 
far, however, is thi.s from being so that in many cases the stream is 
actually forced to drop part of its load from inability to cany it, and 
is therefore building up its bed instead of wearing it awa)'. 

The POWER OF A STREAM incrca.scs with its volume and its velocity; 
the volume varies, of course, from day to day and from season to .season 
according to the rainfall; the velocity also incrca.se.s with the volume 
a.s well as with the fall or gradient; it depends in addition on the cro.ss 
section of the channel, the nature of the channel whether smooth ov rough, 
and on the load, a very considerable part of which is not carried in sus- 
pension, but is pushed or rolled along the bottom. A stream carries 
also what may be termed an invisible load, consisting of .sulrstances in 
'"'solution. 

Rate of Transportation ry Rivers.— A few instances of ilm rate 
at which streams and rivers are shifting material from the land to the sea 
will illustrate the prodigious amount of work done bjj- running water — 
the mo.st effective agent of transportation. . 

The Mississippi drains an area of about a million and a quarter square 
miles, and discharges on an average 600,000 cu. ft. of water jDcr second 
into the Gulf of Mexico. Careful observations have shown that the 
weight of the sediment carried in suspension bears to the weight (3f 
water the proportion of xsWi while the amount pu-shed or rolled along 
the bottom is rirLi-ir of the, weight of water, and the amount in solution 
is about -^rc^inr. Taking the dissolved material, this mighty stream re- 
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moves every year nearly 113,000,000 tons of the land in this way alone; 
this lowers the height of the drainage area at the rate of 1 ft. in 

25.000 years. If we eonsicler the whole of the material tliis river is 
reducing the average height of its drainage area at the rate of r ft. 
in about 4000 yeans. The average result.s obtained from the nineteen 
principal rivers of the globe correspond almost exactly with tlie figi.ire.s 
given for the Mississippi. The average height of the land all over the 
globe has been e.stimated at about 2350 ft, and if the rate of denudation 
obtained above be assumed to hold for the whole surface, a simple calcu- 
lation shows that all the land would be reduced to sea level in about 

91500.000 years by this cause alone. But the material thus thrown down 
on the bottom of the sea causes a rise of the sea- level which leads to 
a corresponding submergence of the land. If allowance be made for 
this the period necessary for the disappearance of all land is reduced 
to 7,000,000 years. Of course, running water is not equally effective all 
the world over; as we have seen, it is almost ineffective over wide areas, 
but its place is thei'e taken by other agents, while marine denudation 
along the coast lines, which materially assists the action of streams and 
rivers, has been left out of account As there is abundant evidence that 
even the larger figure is but a very small fraction of the length of time 
that has elapsed since the globe became habitable to organic life, it follows 
that unless .some active process has been at work producing new land 
to replace that worn away by denudation the sea would have covererl 
the whole surface of the globe long ages ago. In a later chapter the 
renovation of the land area will be considered, but before going on to this 
question it is necessary to enquire what becomes of all the land waste 
when it has once reached the ocean. We shall see that after a sojourn 
there of greater or lesser duration some of it is destined to become dry 
land once more, and be once more .subjected to the proccsse.s of 
denudation. 

Marine Denudation. — The part taken by the .sea in the dcnudatirin 
of coast tines must receive brief consideration, for, although in coinj^arison 
with streams and rivers it is a minor agent, yet in cour.se of time impt>r- 
tant results are produced by its means. Its functions are tvvofold, viz. 
removing and distributing materials which are supplied directly by weatluu*- 
ing along the coa.st or are carried in by rivers, and wearing away b}^ 
friction the rocks within its reach. 

The power of the sea is due, in the first place, to the tides, and in 
the second place to the action of wind in raising waves upon its .surface; 
its destructive effect is due chiefly to the latter action. 
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Removal and Distribution of Waste. — Weathering along the 
coast above tlie reach of the wave.s produces angular fragments of various 
kinds of rocks, which slip or fall into the sea, where they are subjected 
to a constant movement to and fro along the beach; their angles are 
knocked off by friction against the ground or against one another, and 
they are gradually reduced in size. In addition, there is, along most coasts, 
a drift of water in a certain direction, which depends among other things 
on the shape of the coast and the direction of the prevailing wind, There 
is, therefore, a tendency for the material to be transported and distributed 
along the coast; the constant wear wdiich this entails reduces all but 
the hardest rocks to the state of fine sand or mud according to their 
original constitution. Such fine material can be carried in suspension 
by marine currents of moderate force, and, together with that brought in 
by rivers, is transported often to great distances from the source and 
dropped where the currents diminish in force. As the power of the war-cs 
is usually greatest where the water is shallow, and diminishe.s towards 
the deep, the coarse pebbles and sand are found near the coast-line, the 
fine sands farther out to sea, while the muds and clays occur at con- 
siderable distances from the .shore, and in comparatively deep water. 

Destructive Action. — With regard to the actual destruction effected 
by this agency, it has been estimated that the amount of material thus 
removed from the land every year is only about a twentieth part of that 
carried by rivers. The features produced along the sea margin have, 
however, peculiarities of their own, which determine to a no small degree 
the type of scenery which gives character to that part of the earth’s surface. 

DEPOSITION 

Littoral, Shallow-water, and Deer-sea DErosiTS,— When tlu! 
rivers and streams carrying sediment from the land reach the sea, their velo- 
cit}^ is checked, and they are forced to drop part of their load. The coarser 
material is usually dropped in their estuaries, or near their mouths, while- 
the finer is carried farther out to sea. As we have seen, wa\-c action 
produces similar material around the coasts, which is also distributed 
according to the velocity of the water. It follows that, as a rule, near 
the land, de]3osits of boulder.s, gravel, and coarse .sand are laid dnu'u, 
while farther seaward the grains become gradually smaller, and the 
deposits grade through fine sands- to muds and clays. Marine deposits 
formed, around the margins of continents - may therefore be divided into 
(l) littoral deposits, accumulated between high- and low-water marks ; 
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(2) shallow-water deposits, which extend on an average from low- water 
mark to a depth of about loo fathoms. Beyond this limit the .sea floor 
descends somewhat abruptly to considerable depths, where are formed 
what are known as deep-sea deposits. The greater part of the latter 
consists of the remains of organisms, but towards the zone of shallow 
water there is a gradually increasing admixture of mud and clay derived 
from the land. 

Extent of Marine Deposits. — According to Murray, the length, 
of the coast lines of the world is about 125,000 miles, and, if the littoral 
zone be assumed to have an average width of mile, the area on 
which coarse material is laid down is about 62,500 sq. miles. Shallow- 
water deposits have been estimated to cover an area of about 10,000,000 
sq. miles, while the deep-sea sediments cover considerably more than 
one-half of the superficies of the globe. 

Compositions of Littoral and Shallow-water Deposits. — 
In both shallow-water and littoral deposits the remains of animals which 
lived on the bottom, and of others which floated near the surface, are 
buried, and if the deposits be upraised at a later period to form land 
those remains indicate the nature of the animals which inhabited the 
sea at those depths. The parts that resist decay are the hard parts, 
such as the skeletons and shells, which are formed chiefly of carbonates 
and phosphates of lime, derived from the salts carried down in solution 
b}’’ rivers. It is only exceptionally, however, that the organic remains in 
these zones bear any considerable proportion to the amount of sediment 
mechanically derived from the land. 

Deep-sea Deposits — Oozes. — In the deeper parts of the ocean, how- 
ever, it is quite otherwise, for there the quantity of mechanical sediment is 
extremely small, and the deposits are made up almost exclusively of the 
remains of organisms. In many parts of the warmer seas, islands occur 
which are built up of the remains of generations of dead corals; the 
bottom of the ocean around these islands is covered by a fine white 
sand and mud derived from the breaking up of the coralline growth by 
wave action. Such deposits, from the nature of their origin, are local and 
only of limited extent. The largest areas of this kind occur in the 
Caribbean Sea and the Gulf of Mexico, off the north and north-west 
coasts of Australia, and towards the centre of the Pacific and Indian 
Oceans. Other deep-sea deposits are known as OozES, and the various 
kinds are distinguished according to the nature of the organisms which 
gave rise to them. The most important of these is Glohigerina 
formed chiefly of the tests of and other members of the 
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same family. It i,s estimated to cover an area of nearly 50,000,000 .sq. 
miles. It i.s characterized by a high percentage of carbonates of lime 
and magnesia, but this diminishes considerably at great depths, owing, 
it i.s siqjpnsed, to solution of the carbonates by sea water undt;r the 
enormous pre.s.sures which obtain at those depths. Mineral particles are 
not altogether absent, but the grains are extremely minute, and are pro- 
bably derived from volcanic dust settling down in the ocean. Another 
kmcl—y^UTt!/>rjd case — i.s chiefly confined to submarine ridges in the Atlantic 
at depths not exceeding 1400 fathoms. It is formed almost entirely of the 
te.sts of Pteropods and Heteropods. The animals whose remains go to the 
formation of these deposits live in the surface waters of the regions where 
they occur, and on their death their tests shower down to the bottom. The 
Diatom and Radiolarian oor:es are characterized by much less carbonate of 
lime and a greater proportion of silica, and are formed mainly of the 
remains of animals (radiolaria) and minute plants (diatoms) whose tests are 
siliceous. Diatom oose i.s almost confined to the southern Pacific and Ant- 
arctic Ocean, where it occupies an area estimated at nearly 11,000,000 
sq. miles. 

Abysmal Deposits— Red Clay.— In the deepest parts of the ocean 
there exists an extremely fine-grained red or grey clay, in which are 
scattered nodules or concretions of iron and manganese oxides. The most 
interesting feature of this deposit is the extreme slowness at which it is 
forming. It contains a large number of teeth of sharks and earbones 
of whales, some of which are quite clean, while others are coated with 
a thick crust of iron and manganese oxides. This crust is itself probably 
of very slow growth, and the fact that the teeth and bones coated with it 
have not been covered up shows how slow must be the accession of sedi- 
ment. Further, some of the sbark.s’ teeth suggest fossil forms, which have 
been foujid in Tertiary strata. It is therefore possible that at those great 
depths the deposits of long ages occur mingled together. Some of the 
mineral grains are probably of volcanic or meteoric origin. 

SediIi'IENTAKY R0CIv.S,---It is found that most of the sedimentary rocks 
forming land areas at the present day are such that they must have been 
deposited in comparatively shallow water at no great distance from shore- 
line.s, so that the deep-sea sediments of modern oceans are of less value 
in elucidating the past history of the earth than those forming in smaller 
depths. It is true that there are large areas of the earth's surface which 
are made up of rocks derived almost entirely from the remains of marine 
organisms; but from analogy with the distribution of living organisms it is 
nearly certain that the former inhabited fairly .shallow water. The freedom 
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of iiuch deposits from mechanical land detritus must therefore have been 
brought about by local causes — probably the distribution and strength of 
ocean currents. It is known that from such causes there are in modern 
seas, at no great distance from coast-lines, areas of shallow water where 
very little land .sediment is accumulating; the water is always quite clear, 
and organisms such as corals, which do not thrive in the presence of mud, 
are giving' rise to purely organic deposits. 

Shallowing Resulting from Deposition. — We are therefore 
mainly concerned with the study of the fringe of varying width around 
our coasts, which lies roughly between the high-tide mark and the 100- 
fathom line. The first effect of the steady deposition of material on the 
sea floor is to cau.se a shifting of these limits. As the coarser sediments are 
spread over a much smaller area than the finer grades, the depth of water 
near the coast diminishes more rapidly than away from it, and the littoral 
belt is gradually extended out to sea. The coarse gravel and shingle 
accompany it, and are therefore accumulated over a strip where previously 
only coarse or fine sand was formed. In the same manner, but more 
slowly, the belt of sand is pushed outwards over the muds, and these 
towards the greater depths. If therefore, after a long phase of sedimen- 
tation, one could obtain at any one place a section vertically through the 
whole mass of deposits, there would be found fine sands and muds at the 
bottom, coarser sand in the middle, and gravel and shingle at the top, 
in fact a similar succession to what would be found at anjp one ihne in 
passing from greater to lesser depths. 

Effect of Earth Movements on Depth of Sea,— The depth of 
the sea may vary in other ways; the most important of these is a slow 
movement by warping or buckling in the crust of the earth. If the move- 
ment tends to raise the sea floor the shore fringe passes into dry land and 
the belt of littoral deposits presses outwards as described above ; Irut if the 
movement tends to depress the sea floor the changes are reversed — the 
coarse depo.sits extend towards the land and finer sediments are dcpo.siterl 
vertically over the belt where gravel and shingle were once formed. Tlie 
column of deposits under these conditions begins with mud at tlie top, 
passing down through sand into gravel and shingle. If, as usually hatJ- 
pens, alternate rise and fall succeed one another, the sediments vary 
accordingly, and the vertical column shorvs alternations in grade from 
fine to coarse and from coarse to fine. 

Variation in , Deposits— Stratification.— Such movements and 
variations take a long time to be completed, but small change.s arc in 
constant operation. During heavy rains the amount and kind of material 
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swept clown by rivers is different from ordinary times, while at certain 
seasons the rainfall is greater than at others; and again the rainfall during 
a year or group of years may be miicli greater than during another year or 
group of years. The direction and strength of ocean current.s .suffer gradual 
variations according to the direction and force of the wind and other cli- 
matic conditions, and the kind of rocks attacked by the rivers may vary 
from time to time, giving rise to different kinds of sediments. From any 
or all of these causes the deposits forming at any one place are continually 
varying in kind and in grade. It is found that different kinds are usually 
separated by fairly sharp planes of demarcation, so that a vertical section 
through the accumulated mass shows a series of bands lying horizontally 
and of varying thicknesses, according to the conditions which prevailed 
during their formation and the length of time during which any given 
conditions lasted. These horizontal layers are known as STRATA or 
isEDS, and the planes of separation are known as STRATllTCATION- or 
BKDDING-PLAMES. Sometimes one or more of these layers is traversed 
by a large number of horizontal planes di\’iding it up into thin flakes or 
laminje; these are known as LAMINATION-PLANES, 

L\\\ OF SUPERPO-SITION. — One most important con.scquence of the 
mode of formation of these horizontal layers is that the lower layers must 
have been formed before the upper, and are therefore older in point of 
time. This is a fundamental principle of Geology: that strata can be 
arranged in order of age from observation of the order in which they 
succeed one another. However simple or obvious such a principle may 
seem at the present day it was only comparatively recently that it was 
recognized, and it was even then only accepted gradually as tlic result 
of the accumulation of proof. We shall .see in the sequel that the 
various accidents which befall the rocks after they are formed some- 
times rever.se the apparent order of superposition, so that strata which 
were deposited later lie underneath those which were formed before them. 

Law of Fossil Contents. — In view of this possibility the principle 
must be applied with caution, and in some cases must be supplemented 
by evidence of another kind, which is usually furnished by the organisms 
inhabiting the sea when the rocks were formed. At their death their 
remains fell to the bottom and were covered by sediment, and thus locked 
lip, as it were, for future reference. They are known as P'OSSILS. As 
a rule it is only those organisms that , are furnished with hard part.s, 
such as sliells or .skeletons, that leave traces of this kind; other organi.sms 
at their death decompose and .leave no marks behind them. If we could 
obserx-e the whole column of sediments formed at any one place, we sliould 
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find in general that organic remains were scattered about in it from top to 
bottom. In dealing with a small thickness probably no difference would 
be observed between those at the top and those at the bottom, but the 
greater the thickness the more marked would the difference become, 
though in general it would be observed that the change took place gradu- 
ally. As at any particular time the remains of similar organisms became 
scattered over considerable areas of the sea floor, it would be found on 
comparing this column with that at another place, some distance away, 
that the organic remains were similar and that they underwent a similar 
change, in the same order, in passing up through the columns, and that, 
in fact, the two columns under comparison could be broken up into separate 
pieces in such a way that the fossils in a given piece of one column could 
be matched with those of a corresponding piece of the other column, and 
similarly for the other pieces. This is the foundation of the second great 
principle underlying Geology, viz, that strata, wherever found, which 
contain the same organic remains (fossils) were formed at approximately 
the same time, that is they are said to be of the same age. Reverting to 
our illustration of the comparison of the columns, if we had made a careful 
study of one column, noting the organic remains and the order in which 
they made their appearance, then by means of this principle we could 
piece together the other column and restore it to its original order, if it 
were found broken up into fragments which were shuffled up together. It 
must be noted carefully that before this principle can be applied tlie organic 
remains must be studied at a place where there is no doubt of the relative 
age of the strata; but once this is done for one area the principle can be 
applied to other areas to determine the original order of superi,iof!ition 
when this cannot be directly observed. In this way .strata whicli occur in 
detached areas can be identified by means of their organic remain.s with 
those of a better-known district, and their relative ages can be determined 
by reference to that district. The two fundamental principles must be 
used together wherever possible, for it has been found by experience that 
when either has been applied to the exclusion of the otlier it has almost 
invariably led to erroneous results sooner or later. At one time tliere was 
a tendency to treat them apart; one group of geologists tru.sted in the 
relative order of superposition and disregarded the evidence of the in- 
cluded organisms, especially when it clashed with that of the apparent 
order; while another group contented themselves with collecting and 
describing the organic remains without concerning them.selves with tlie 
order of superposition of the rocks from which they were derived. At 
the present day mo.st geologists endeavour to combine the tw(3 principle.^. 
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CoNSorjiJATiON OF Dei’CSITS. — We have now traced the materials of 
denudation from the solid rocks of the land area to their resting place on 
the ocean floor, where in course of time they undergo certain slight changes 
in the direction of hardening and compacting the loose particles into more 
solid masses. The increasing pressure of the accumulated bod)’ of sedi- 
ment contribute.s to this, while the movement of water among the grains 
dissolves certain constituents from one part and deposits them in another; 
mineral substances in solution are also carried in from the sea waters and 
deposited around or between the grains, ’W'hich in this way become com- 
pacted into more or less solid rocks. The chief cementing substances are 
carbonate of lime, carbonates and h)'dratcs of iron, and silica, all of wliich 
are soluble in water to a slight degree under ordinary conditions, but their 
solubility is probably increased by pressure. Under certain conditions 
there is a tendency for mineral particles of one kind to aggregate together 
to form what are known as concretions. They are most frequently formed 
of carbonate of lime, but sometimes also of iron comp<.)unds, and more 
rarely of silica. By the cementing processes the clays and muds often 
pass into .SHALES or compact MUDSTONES, the sands into SANDSTONES, 
and the gravel and shingle into conglomerates or PUDDINGSTONES, 
while the calcareous muds become more or less solid LIMESTONES, Such 
changes and others which serve to harden the rocks are assisted by those 
movements of the earth’s crust which uplift the sea floor to form dry 
land, a subject which will receive fuller treatment in the ne.vt chapter, 


CHAPTER HI 

EARTH MOVEMENTS— IGNEOUS AN I.) 

METAMORPHIC ROCKS 

External and Internal Agents.— -The foregoing brief review has 
shown us that at the present day there are various processes in operation 
which tend to modify the external surface of our globe. Tho.se so far 
examined act from the outside, and their effect i.s steadily to reino\’c 
material from the surface of the land and to pile it on the ocean floor. 

Inasmuch as a continuance of this operation for a sufficient length of 
time would reduce all land to the level of the .sea, it follows, cither that the 
time during which it has acted has not been long enough, or that tlicrc 
must be some other forces which have an oppo.site tendenc)-, causing new 
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land to emerge from the sea to replace that which is destroyed. It is, in 
fact, known that a great part of the earth’s surface is composed of rocks 
which can be proved, both by their constitution and by their organic re- 
mains, to have been derived from a pre-existing land area and deposited 
on an ocean floor. AI.SO, in many places, the bedding- or stratification- 
planes of these rocks are highly inclined or even overturned ; and as from 
their mode of formation these must at one time have been horizontal, 
it is evident that they have suffered considerable displacement since that 
time. The cause or causes which bring about these and analogous results 
comprised in the term Earth Movement have their origin inside the 
crust of the Earth. 

CAU.SES OF Earth Movement. — It is probable that the slow cooling 
with attendant shrinking of our globe is the primary factor in causing 



displacement of one part of the earth’s crust relatively to another. It is 
a physical law that the higher the temperature of a body the more quickly 
does it lose heat and contract; therefore the inside of the earth, being at 
a much higher temperature than the outside, must shrink more rapidly 
and the external layers tend, therefore, to sag down under their own 
weight. This sets up enormous strains in these layers, some parts being 
squeezed together, while others are pulled apart. The squeezing causes 
gigantic waves or wrinkles to develop in the earth’s crust, which are the 
mountain chains; the stretching in other regions causes emuTnous frac- 
tures, along which parts of the surface are dropped nearer to the centre of 
the earth, while others remain .stationary or are pushed away from it. 

Mountain Building. — Mountain chains may be of every degree of 
complexity; one of the simplest types is that in which the strata are 
thrown into one symmetrical wave or succession of such waves. 1\ single 
war-e is known in Geology as a FOLD, and is made up of a CRICST or 
anticline, and a trough or syncline (.see fig. 14). Such a structure 
results from the application of lateral pressure to the strata, which forces 
them to bend in the same way that a sheet of paper laid on a table bends 
when the ends are pushed towards one another. Continued application of 
pressure increa,ses the height of the fold in comparison w'ith its width, until 
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tlie upper part tends to overhang the base, while extreme pressure may 
cause that part to be detached; the sides of the fold are then replaced 
by fractures, or FAULTS as they are termed (fig. 15). A mountain chain 
u.sually consist-s of one or more large folds, each made up of a .succession 
of smaller ones, and the crest of each fold may be bounded by faults, 
which become more numerous and more important towards the centre 
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pjg. 15,— rt, c, DKigram illustrating the Passage of ii Symmetrical Fold into a Faulted Arch, /f, Cyf, 
Diagram illustrating the .Passage of an Unsymmetricnl Fold, or MonocUnal, into an Overfold and an Over- 
thrust, s, ficptutn; P, fault; T, overthrust (after Marr) 

of the chain, where the pressure was most severelj' felt. It is on such 
a plan that the Alpine chain is built up, and this structure is therefore 
known as Alpine structure, or sometimes “fan structure" (fig. 16), 
from the peculiar arrangement of the folds. 

Another and more commonly occurring type of fold is unsymmetrical ; 
in this one side, usually known as the SEPTUM, is mure steeplj’’ inclined 

than the other (fig. i^,d). 
More intense pressure 
increases the inclination 
of the .septum till it over- 
hangs, pi-oducing what i.s 
, known as an OVERFOLD, 
where the older strata 
re") rest upon those of later 
. age. , Under further stre-ss 
the fold is ruptured along the septum, and the crest, of one fold is then 
driven forward along the plane of rupture towards the crest of the fold 
in front. A fracture of this kind is called an OVERThrust fault, or 
more simply a THRUST. The transition from a .simple fold to an cu'er- 
thrust fault is shown in fig. is,d,e,f. 

The more complicated structures occurring in mountain chain.s can 
usually be resolved into a succession of simple symmetrical or unsym- 
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metrical folds combined with overthrusts, which, from their mode of 
formation, must he nearly parallel to the direction of the folds. In 
general it ma}’ be .said that in a complicated mountain chain the outside 
fold.s are more or less symmetrical and free from fractures, while the 
inner folds are unsymmetrical and accompanied by fractures. 

Rate of Elevation. — Although the folds into whicli the strata are 
thrown are often exceedingly sharp, it does not follow that the forces which 
produced them were rapid or sudden in their action. Indeed there is 
evidence that the elevation of mountain chains has been an exceedingly 
slow operation, and cases are not unknown where rivers have been able 
to cut down their channels at a rate sufficient to maintain their courses 
across a chain in process of formation, which serve to show tliat the eleva- 
tion in those cases must have been very gradual. The increase of com- 
plexity which may be observed in passing inwards from the margin of a 
mountain chain towards the centre may be regarded as giving a picture of 
the succession of events during the formation of the chain, and in this 
connection the account given by various writers of the mo\'ements along 
the southern margin of the Himalayas is particularly instructive and 
interesting. 

Structure of the Himalayas. — The Himalayan range rises in a 
succession of hill chains of increasing altitude out of the wide Indo- 
Gangetic plain wdiich extends across northern India. First come the 
sub-Himalayas or foothills, rising to about 4000 ft.; they are followed 
by the Lower Himalayas, w'hich ascend to about 12,000 ft.; still farther 
to the north lies the main range of snowy peaks reaching an altitude 
of 28,000 ft and over. North of the main range is the upland plateau of 
Tibet, of great elevation, and characterized by a dry climate. On this 
plateau, and therefore beyond the line of snorvy peaks, is situated the main 
w^atershed of northern India, and the rivers which drain in a southerly 
direction reach the Indo-Gangetic plain. The materials borne dowui from 
the mountains are deposited when the low^ ground is reached, and con- 
sequently the hills are fringed with accumulations of gravel, sand, and 
mud. These deposits are naturally thicker and coarser near the great 
rivers, and grade to finer matericil betw^een them. 

The foothills are composed principally of gravels, conglomerate.s, sand- 
stones or sands, and clays belonging to what is known as the Siwalik serie.s 
of Upper Tertiary age. They become succe.ssively coarser from below 
upwards, for the Lower Siwaliks are clays and fine sandstones; llie 
Middle: Siwaliks are similar, with strings of pebbles, whicli become more 
abundant in the upper part, and pass into the coarse gravels of tire Upper 
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Siwaliks. The Lower Himalayas and main range consist principally of 
crystalline and sedimentary rocks of great antiquity. 

The Upper .Siwalik rocks of the foothills are so like in appearance to 
the gravels and sands spread out on the plain by the rivers at the present 
day that there can be no doubt that they have been formed in the same 
way. Further, the distributi<m of coarse and fine materials agrees so exactly 
with that of the modern deposits tliat they must have been carried by the 
same rivers flowing from the hills on the north and accumulated on a plain 
similar to the modern plain. The central parts of the Flimalayas must 
therefore have been in existence at that period. But the foothills now 
rise to about 4000 ft. above the plain, and the rocks, instead of forming 
horizontal sheets, are thrown into sharp folds which are cut into by the 



modern rivers coming down from the interior. It is evident, therefore, that 
what was once a part of the plain has been disturbed, elevated, and 
exposed to considerable clenudation; that, in fact, tlie southern boundary 
of the Himalayas in the Siwalik period was many miles to the north of its 
present position, and has crept steadily southwards towards the plain .since 
that time. The modern gravels rest oh the tiltcd-up and eroded edges of 
the Siwalik roclc.s, for the latter, where they come in contact with the 
deposits along the northern margin of the present plain, are thrown into 
an anticlinal fold in which the south side is steeper than the north, and 
may be vertical or even inverted; in certain parts an overthrust fault is 
believed to exist along this line. 

Passing now to the inner or northern margin of the foothills, wdrere 
they pass into the Lower Himalayas, it is found that the structures are more 
complicated; the boundary between the Siwalik series and the older sedi- 
mentary rocks, probably of Palceozoic age, is found to be a great reversed 
fault accompanied by one or more overturned anticlinal folds. From the 
distribution of the Lower Siwaliks, and from analogy with the conditions 
at the margin of the modern chain, it i.s probable that this fault coincides 
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approximately with the southern limit of the range during the formation 
of those rocks, and therefore marks a still earlier position. The Suvaliks 
themselves are traversed by several reversed faults of great magnitude, 
and each appears to mark successive positions of the southern margin as it 
advanced towards the plain. The appended diagrammatic section (fig. 1 7) 
across the outer zones shows the gradual inci'ease in the intensity of the 
movements from the margin to the interior-. From the above account 
it follows that the elevation of 
the Himalayas was by no means 
a sudden movement, but was more 
of the nature of a gradual growth 
both in lateral extent and in 
altitude, which lasted through a 
great part of the Tertiary pei-iod. 

The greater complexity of the 
interior is therefore due to the 
longer duration of the movement there; for the same reason the height 
of the range increases steadily from the margin inwards. 

Faulting.^ — The kind of structures we have been considering are due 
to lateral compression of the rocks, but another kind results where the 
strata are subjected to tension tending to pull them apart. The stretching 
is accomplished by a tearing of the strata, and subsequent slipping along 
the FAULTS or tears, the type most commonly occurring being known as 
NORMAL FAULT (fig. 

18). It is easy to see 
that by such faulting 
any two points A and 
B on a given stratum 
are farther removed 
after the operation 
than before. The 

amount of stretching is indicated by the shaded space. Such structure-, 
lead to the formation of troughs in the strata, which may be the re-iult of 
a single normal fault on each side, or more usually a succession of such 
faults, known as STEP FAULTS (fig. 19). The extension is shown by the 
■spaces between the broken lines. Normal faults frequently accompany 
tire elevation of a mountain chain, but in distinction to the overthrusts 
they trend at right angles to the direction of the chain, or parallel to the 
pressure which uplifted it. This indicates that in addition to lateral com- 
pression acting across the chain there must be a tension acting along it. 
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Subsidence. — Whereas compression and distortion of the .strata 
are held responsible for much of the emergence of land from below the 
.sea, it is to the other type of movement that widespread subsidence of 
blocks of the earth’s crust is attributed. It has been observed that aftcr 
thc forces of upheaval have almost or quite expended themselves in a 
region, there is a tendency for paids of that region to subside along normal 
ftiults. It is as if those forces had overreached themselves, necessitating 
a falling back of some of the uplifted portions in order to restore the 
equilibrium. Subsidence by normal faulting is not, however, confined to 
regions which have suffered compression, but may occur in quite other 
parts of the earth’s surface. It is claimed by Professor Suess that the 
deeper parts of some of tlie great oceans, notably the Atlantic and Indian 
Oceans, have originated almost exclusively by the collapse of enormous 
blocks of an ocean floor, or of a land area which formerly occupied their 
sites, and, further, he supposes such collapse to be of comparatively recent 
date. References to those movements will frequently be made in the 
sequel, 

Volcanoes and Earthquakes. — The story of earth movements 
would not be complete without some reference to those phenomena of 
volcanic activity and earthquake shocks which accompany them. It 
was at one time believed that the upheaval of portions of the earth’s 
crust and the attendant folding and faulting were mere surface indications 
of deep-seated volcanic forces, while powerful earthquake shocks were 
held responsible for widespread cataclysmic changes, which altered pro- 
foundly the aspect of the earth’s surface; in other words, volcanic activity 
and earthquakes were the causes and earth movements were the effects. 
The balance of modern opinion tends to reverse that view; it is held 
that the surface eruptions of volcanic material and the injection of molten 
masses into the rocks at a depth are only local effects of those powerful 
forces which produce widespread elevation or depression of parts of the 
earth’s ctust, while it is known that violent earthquake shocks may result 
fiom quite unimportant displacements; indeed, those displacements are 
often .so small that they produce no measurable change of level in the 
‘region affected by them.-: ■ 

klAGMAS' — I gneous Rocks. — Vulcanicity may be considered under 
the heads of external and internal processes, which stand, however, in 
intimate relation to one another. Deep down below the surface of the 
earth there exist in many regions 'great reservoirs of molten rock; 
whether they form part of a universal molten interior, or of a liquid 
shell between a solid crust and, a solid core, or whether they have arisen 
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locally by liquefaction of rock masses previously solid cannot as yet be 
decided, although the balance of evidence is in favour of tlic latter view. 
Such molten masses are known as MAGMAS. They vary in chemical 
composition witliin rather wide limits in different regions; they may be 
regarded as mixtures of silica with various silicates of calcium, magnesium, 
aluminium, iron, sodium, and potassium, with smaller amounts of other 
elements. They contain also considerable quantities of water vapour, 
as well as oxides and sulphides of certain metals, especially iron. Accord- 
ing to the relative proportions of silica to the metals, magmas are 
roughly divided into ACID and BASIC, the former being rich in silica 
and poor in the metals, while in the latter the proportions are reversed; 
those of a mean composition, in which the proportions are more evenly 
balanced, are said to be INTERMEDIATE, while certain magmas exception- 
ally poor in silica are styled ULTRABASIC. The rocks into which such 
magmas solidify on cooling are classified in a similar way. It may be 
remarked that the melting down of sedimentary rocks would, in general, 
give a magma differing in chemical composition somewhat markedly 
from those existing at, or derived from, the deep-seated portions of the 
earth, although the source of all sediments can be ultimately referred 
to rocks which had their origin at great depths. The reason is, that 
the process of u’eathering is almost always attended with the removal 
in solution of certain constituents, which, becoming distributed throughout 
a large body of water, enter into the composition of sediments of quite 
a different region from that where the insoluble constituents are deposited. 
In other words, the denudation of rocks by weathering results in a scatter- 
ing of their constituents which never reunite in the same rode mass. Of 
course, by the melting up of a judicious selection of various types of 
sedimentary rocks, in certain proportions, it is probable that any gi\’cn 
magma could be simulated, but such a selection cannot well occur in 
nature. It follows, therefore, that most magmas are of deep-seated origin, 
and that no part of their bulk has been sufficiently near the surface of 
of the earth to have suffered denudation. 

Origin of Magmas. — Adopting the moi-e probable suggestion that 
they result from the melting of rocks previously solid, it is necessary to 
enquire why liquefaction should occur. Increase of temperature by 
chemical combinations, by inten.se cru.shing, by the accumulation of 
thick masses of sediment at the .surface and consequent bottling up of 
the internal heat of the earth, or . by a change in composition of the 
magma have all been appealed to £is .sufficient causes to bring about 
liquefaction. It is likely that each of them acts in the right direction, 
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but, from the frequent connection of volcanic activity with earth move- 
ments, the most important cause is probably the relief of pressure in 
certain parts and the increase of pressure in others. Both temperature 
and pressure increase with depth, but their effects tend to balance one 
another, and a region may be reached where the pressure i.s just too 
great to allow the rock to become Ikpiid; a slight relief would then 
cause melting tlii'oughoiit the mass. 

Behaviour of Magmas— Metamorphism. — When liquefaction has 
■set in, the magma obey.s approximately the laws governing the behaviour 
of fluids, and flows towards the regions where the pressure is lowest, until 
equilibrium is restored. The magma therefore forces its way into the 
overlying strata, insinuating itself wherever the opposing pressure is not 
too great. If planes or lines of weakness exist, they offer a ready passage 
to the molten mass. This is probably another reason why volcanic activity 
should so constantly accompany earth movements, for tho.se disturbances, 
as we have already seen, result in the prt)duction of enormou.s fractures, 
which probably penetrate to great depths. Also, in the earlier stages, the 
stresses in a region are irregularly distributed, else no movement could 
occur, but towards the end they become adjusted or relieved by the fold- 
ing, faulting, and crushing of the strata. Unequal stresses are obviously 
favourable to the intrusion or injection of the molten material. Its 
ultimate resting place is usually among rocks which arc at a much 
lower temperature than itself, and in many cases it reaches the surface 
and flows out thereon; but the consideration of such is withheld for the 
present. The rocks through which it passes, and those among which it 
comes to rest, are profoundly altered by reason of the high tempera- 
ture of the molten mass. The extent of the alteration depend.s on tlie 
depth, which determines the time taken in cooling; the composition of 
the intruded magma, which determines its melting-point ; the nature of the 
affected rocks; and on the distance of the latter from, the .source of heat. 
The changes produced in the surrounding rocks are comprised in tlie 
term THERilAL METAMORruiSM, while the whole region over which the)? 
arc manifested is known as the MET AMORPHIC AUREOLE. The chemical 
elements entering into the composition of the minerals in the rode recom- 
bine to form different minerals, and in extreme cases the original rock 
is entirely changed in a.spect and in mineral composition. At greater 
distance.s, where the temperature is lower, the changes are less marleed, 
and only make themselves felt in the more easily altered minerals; but 
near the coulact with the magma, portions of the containing walls are 
often profoundly altered or even melted down. 
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In course of time the molten magma begins to solidif}'; the silicates 
and other compounds separate out in distinct crystals, which move about 
in the still liquid portions and gradually grow in size. When the final 
solidification or crystallization is completed, the rock is made up of a 
compact mass of mineral grains, in which crystal outlines are rarely 
distinguishable owing to their crowding together. 

Cooling of Magma.— -The case is somewhat different if the intrusion 
nearly reaches the surface, where the cover of rocks is small; cooling then 
takes place c|uick]y, and the metamorphism is consequently much less 
pronounced. The appearance of the cooled rock is also different, for 
after crystallization has proceeded some time, and crystals of considerable 
size are floating about in the magma, the remainder tends to solidify 
suddenly into a mass of minute crystals, or more rarely into a glass. Any 
large intrusive mass sends off innumerable tongues and veins of molten 
material into the surrounding rocks; .some of these often penetrate to great 
cli,stances from the parent magma, especially along planes of weakness. 
Their consolidation takes place in the manner just described. Those that 
spread out in directions more or less parallel to the stratification of the 
rocks are called sill.s, while those that cut across them at an angle are 
known as DYKES. 

Lava. — It is probable that the material which wells out in volcanoes 
is fed from some large underground reservoir, and has been enabled to 
reach the surface by following important planes of weakness; far the 
tendency of volcanoes to be arranged in lines along prominent faults 
is well known. The molten material pouring out from the opening 
flows over the surface as sheets of lava until it is prevented from doing 
so by cooling and solidification. The distance to which individual flows 
reach depends on their chemical composition — basic lavas, being more 
fluid, reach to great distances; while acid lavas, being viscid, the flows 
pile tliemselves around the aperture or vent, and rapidly decrease in 
thickne.ss away from it. There is thus a tendency to build up the cone- 
.shaped bills characteristic of recent volcanoes. 

Volcanic Ashes. — In most cases, howevei', lava flows play but a .sub- 
ordinate part in building up the cones; in the intervals of lava eruption 
great quantities of a.shes, cinders, and fragments of consolidated Lavas are 
hurled out of tlie crater and piled on the slopes around. Such fragmentary 
materials are probably produced by the forcible escape of steam imprisoned 
in the hot lava; the “smoke and flame” of popular descriptions of volcanic 
eruptions are only immense clouds of steam, black with innumerable 
solid particles, which reflect the lurid glow of the molten ma.s.s in the 
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neck of the volcano. Some cones are built up entirely of ashe.s and 
cindensj without any lava flows, while others are formed of alternate 
layers of lava and ashes. 

Character.? oe Lava Flows. — The appearance of the surface of 
a flow varies greatly in different cases. Some are blown up into a 
vesicular or cellular ma.ss, like baked bread, known as pumice, by the 
escape of steam on cooling; others have a coiled or ropy surface, pro- 
duced by the rolling over and over of a half-consolidated pa.sty mass; 
while others are strewn over with sharp, angular fragments, splintered 
from the consolidated upper layers by the pressure of the movement in 
the still-fluid interior. The consolidated rock or lava usually shows large, 
well-formed crystals of various minerals set in a matrix of minute crystals, 
usually mixed with a certain amount of glass; in some the gdass pre- 
dominates, and in others the large crystals may be absent, the rock being 
then an exceedingly fine-grained compact rock or a glass. 

Intermittent Nature of Volcanic Action. — Most volcanoes 
are intermittent in action, violent periods alternating with long periods 
of quiescence or total inactivity. During the eruptions, part of the crater 
is often blown away, and the next accumulations are built up on its ruins. 
The famous eruption of Krakatoa, in 1 883, blew away the greater part of 
the crater in one tremendous explosion. Small “parasitic” cones often 
cumber the slopes of the volcano, and are connected with the main orifice 
or neck by fissures. An old volcano which has been dissected by the 
weather often shows a great number of rib.s of lava or dykes u’hich had 
penetrated along such fissures in . all directions. 

The height of the cone in relation to its width depends largelj’- on the 
nature of the materials; basic lavas form low cones of great diameter, while 
acid lavas form narrow cones of considerable height; those made up mainly 
of lavas have a gmritle convex outline, but where ashes and cinders take a 
prominent place the cone consists of two concave portions meeting at the 
apex. ^ 

Another type of eruption is known as FISSURE eruption, where the 
lava wells out, not from a single vent or orifice, but along the whole length 
of a fissure. In such eruptions the lavas are usually of basic typc.s, and 
from their fluidity flow to great distances; the matex-ials from many fissures 
uniting together give rise to avast sheet of lava, which enters into all the 
irregularities of the surface just like a body of water. It is probable tliat 
such ei-uptions are due to the sinking of large blocks of tlie cartVi’s crust 
into a huge reservoir underneath, the molten material being displaced 
according to well-known hydrostatic laws; it is probable also that such 
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a proceiss plays no small part in ordinary eruptions, for it has been fre- 
quently observed that sinking of a region generally accompanies volcanic 
activity, while earthquake shocks are almost always felt before a violent 
eruption, pointing perhaps to faulting and displacement of the strata. 

Hot springs and geysers usually mark the later or waning stages 
of volcanic activity. l.’he rocks over which the heated water flows scxjn 
become covered by a thick coating of a siliceous deposit called SINTER, 
and picturesque terraces with pools of water are frequently formed in this 
manner. It is .supposed that the deposition of silica is assisted by certain 
algm which are able to live in the hot water. 

The distribution of volcanic activity at the present day will be indi- 
cated in a later chapter, while the vulcanicity of past periods of the earth 
will be referred to in connection with those periods. 

Earthquakes. — It has been remarked that shocks generally precede 
and accompany volcanic eruptions, and from the close connection of seismic 
areas with those of vulcanicity it is obvious that the two classes of pheno- 
mena are intimately related to one another. 

But as earthquakes are not strictly confined to volcanic areas, there 
must be some other determining cause, and it has been suggested that 
they arise from sudden slipping of parts of the earth’s crust along fault- 
lines. If this is so, then vulcanicity and seismic activity can probably be 
attributed to a common cause — earth movement. It is only in a few cases, 
however, that the faulting which may be supposed to have originated the 
shock has produced any visible effect at the surface; in others, apart from 
the damage from the actual vibration, the condition of the surface remained 
unchanged. 

Some comparatively recent earthquakes, however, have given rise to 
ga]3ing fissures of great length, and faulting has occurred in consequence ; 
but the amount of displacement was a matter of a few inches as a rule. 
Warping or buckling of certain regions has accompanied severe earth- 
quakes, whereby the courses of streams were changed, and lakes were 
formed in the hollows. Very destructive effects are often due to landslip.s 
caused by shocks, while along coast-lines the tremendous waves wliich 
follow a great earthquake have occasionally worked considerable havoc. 

Study of Earthquakes. — Recent studies of earthquakes have 
thrown considerable light on the interniil constitution of the earth. B,y 
means of delicate instruments shocks can now be regi.stered at a distance; 
of thousands of miles from the source. In general, three disturbances reach 
the recording station; the last, to arrive travels along the crust, the other 
two through the earth nearly in the direction of the chord joining tire two 
' 1- . ' 16 
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points. The former gives no information regarding the interior, so ma3'' be 
neglected for the present purpose. Of the remaining di.sturbances the one 
that arrives first i.s suppo.sed to be transmitted by the alternate condensa- 
tion and expansion of the parts of the medium which transmits them, the 
other by a twisting or distorsion of those part.s. If this view is correct, 
then the medium must be solid, or at least must behave as a solid, since 
a fluid cannot transmit twisting stresses. Now, these two kinds of waves, 
as they may be called, travel with different velocities, and hence give some 
clue to the elastic properties of the medium through which they pass, The 
difference in velocity increases slightly with the greatest depth of the chord 
from the surface, until a distance is. reached where the depth of the chord is 
about three-fifths of the radius. A somewhat abrupt change then takes 
place, especially in the .second waves, indicating that the matter composing 
the inner two-fifths of the radius of the globe has different clastic properties 
from the rest of the material. It is not known as yet to what this differ- 
ence is due; but when a greater number and more accurate observations 
of distant shocks have been compared, it is probable that much new 
information will be obtained regarding the nature of the interior of the 
earth. A comparison of the velocities of propagation of the first and 
second waves, which travel through the earth, with that of the thii-d w'ave, 
which travels near the surface, indicates that the thickness of the crust is 
probably not more than about 20 miles. 


CHAPTER IV 

CYCLE OF DENUDATION 

We have now traced the processes of denudation of the land areas and 
of the deposition of the derived materials on some part of the ocean floor, 
and wc have seen how after a lapse of time of greater' or less duration these 
may be once more uplifted to form land, which in its turn becomes worn 
away. Geology shows that changes of this kind have succeeded one 
another many times during that period of the past history of the earth, 
of wliich the record is preserved in the rocks. It remains to consider more 
closely the .series of events which succeed one another (in a temperate 
region) between the birth of a new land area as the result of earth move- 
ments and its final destruction by denudation or, in other words, a com- 
plete CYCLTS OF DENUDATION. 
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SVJIJIETRICAL Uplift.— clearer idea of the sequence of events will 
be qained by considering a simple example which embodies the principles 
underlying more complicated cases. Let us imagine a portion of the 
sea floor, on which a considerable thickness of sediment has accumulated, 
to be uplifted above the sea level in the form of a simple arch or anticlinal 
fold of symmetrical type; the two shore lines will then be parallel to tlie 
crest of the arch. From the nature of the symmetry the changes on one 
side wall he like those on the other, and one may therefore regard the new 
land area as consisting oftwo .slopes inclined in opposite directions torvards 
the shore. Rainwater falling on its surface dislodges incoherent material 
and carries it down the slopes. 

A part of the rainfall soaks 
into the ground, and after a 
time accumulates sufficiently 
to saturate the rocks with 
water; the excess tends to 
break out on the slopes in the 
form of springs, and thence 
takes the shortest course 
down to the shore. For the 
sake of maintaining the sj^- 
metiy, we suppose the springs 
to be of equal volume and to 
be di.stributed at the corners 
of equilateral triangles, as 
shown in the diagram (fig. 20). When once started, the .springs tend to 
maintain their positions and a more or less constant flow, and the channels 
carved out by them at their initiation become the main stems of the drain- 
age system which ultimately develops on the slopes. 

Behaviour of a Single Stream.^ — In dealing with the influence of 
running water in modelling the .surface of the land, it will be convenient to 
consider in the first place the behaviour of a single stream, and to pass on 
from that to the assemblage of streams which constitutes the drainage sys- 
tem. We have supposed a stream to be started on a sloping surface, and 
to flow' down to the sea along the .shortest cour.se. Under these conditiims 
the volume of the .stream remains unchanged along its whole length, but 
the velocity increases with the distance from its source in the same way as 
that of a body rolling down an inclined plane. As we have alrerul)- seen, 
the power of a stream depends on its velocity when everything else remain.s 
the same; therefore the channel will be deepened by corrasion more rapidly 
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in the lower part of the slope, say at B, than at A, wlierc the stream is 
practically at rest (fig. 3 i). But as the material thus removed from the 
channel must be carried away, more and more of the power of the stream 
is required for this purpose as the amount of the material increases ; tlicre- 
fore at some point, such as C, most of the power is used up in trans- 
portation, and the cutting-down action or corrasion is reduced, though 
not necessarily stopped altogether. At a still lower point, D, the whole 
power of the stream maj- be used 
up in transportation, and no cut- 
ting down can then take place. 
Hence at some point down the 
slope the corra-sion is more active 

—* than elsewhere, so that after a 

certain time the profile of the 

rig. ai.—DifigmmillustratiniS the Development of the Stream, whicll WaS Originallv a 
Deiiu(i,ttion Curve of Running W.-,ter ’ ^ 

straight line or a curve convex 
upwards, has become a concave curve. The stream channel retains a 
profile of this nature throughout its life history ; it is steepest near the 
source, and flattens towards the mouth. It is a characteristic feature of 
, clei'iudation by running water. 

When the stream reaches the sea the velocity is checked and the 
coarser sediment is dropped near the mouth, while the finer is carried 
farther out to the sea. The deposition at the mouth checks the velocity 
higher up the channel, thus reducing the power of the stream in that 

^ direction. This in turn 

stops corrasion, and 
more and more ,sedi- 
ment is dropped in the 

Fig. u._TheUeve^mv„y.u« , 

The Stream may there- ■ 

fore be divided into three parts: (i) near its source, where corrasion is 
small on account of the small velocity; (2) median portion, where it is 
rapid; and (3) a lower portion, near the mouth where, on account of the 
retardation of the velocity, corrasion is absent and even deposition may 
take place. 

So far the influence of weathering has been neglected, and the stream 
lias been supposed to cut a groove with vertical walls in the hillside. 
Such vertical walls cannot remain long under ordinary conditions of 
weathering. Material is loosened and dislodged, and, falling into the 
stream, is removed by the water, so that in time the sides of the channel 
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recede, as shown by successive dotted lines in the diagram (fig. 22), and 
the original channel widens into a V-shaped valley. When thi.s happens 
the original stream can no longer exist alone; miniature streams and 
runnels start with every shower of rain, while new springs ari.se on the 
lateral slopes. These give rise to valleys by a repetition of the processes 
sketched above; they may be termed secondary valleys to distingui.sh 
them from the main or primary valley. 1 

In time these secondary streams come to , I i 

have tributaries of their own, which flow . 1 ; ij [ ; 

in tertiary valleys, and so on, the process \ ’ J /b\ ’’ /' / 

being repeated until the ground is carved 

into innumerable branching channels 

carrying streams of all sizes, from that of / [ \ \ 

the main stream down to that of the | 

tiniest runnel. The head of the valley, 

like the sides, recedes by weathering, and F's- =3. -Diagram illustrating the Fontmtion of 
is ultimately cut into a half-funnel shape, . 

s, spring; a, col; n, peak or cusp. 

sloping towards the spring, which occupies 

the bottom of the funnel. It is known as a CIRQUE, and may be observed 
at the head of most valleys. 

Dr.^INAGE System. — L et us pass on next to consider the assemblage 
of streams, flowing side by side down the slopes, which forms the drainage 
system of the new land area. Each stream has carved out its channel 
to a concave profile, and each has given rise to secondary and tertiary 
tributaries, while the cirques at the head of each primary valley have cut 
back towards the line separating the drainage of the primary streams 
on opposite sides of the slopes. 

This line is called the PRIMARY 

or MAIN DIVIDE. As all the lUg. 24.— Profile of a MaturaPrimm-y Divide 

streams on the slope have the 

.same volume, the divides are situated midway between them; but in a 
maturer or fully developed system they are not, as a rule, straight lines, as 
the following explanation will show. A point A (fig. 23) on the line join- 
ing the heads of opposite streams is the point where their cirques ultimately 
meet; it is therefore under the denuding influence of both streams, and i.s 
reduced in height at a greater rate than a point B, which is at tire farthest 
distance from the streams. The divide between two primary streams 
therefore runs at right angles to the line joining their sources, arid, more- 
over, is a cmve concave upwards; hence the whole primary divide follows 
a zigzag course, and if viewed in profile has the appearance in fig. 24. 
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The points such as A are called cots or passes, while the points ,B are 
PEAKS or CUSPS. 

The rate of corrasion by the secondary streams depends on the fall 
from source to mouth; therefore where the main valley is most acti\'-ely 
excavated the fall of the secondary streams is greatest, and their channels 
are deepened most rapidly. The secondary divides are also zigzag line.s, 
and are developed in a similar manner to the main divide. But inasiinuch 
as the lowering of the divide proceeds most quickly opposite the most 
active streams, it follow.s that the profile of the secondary divide is closely 
related to that of the main valleys on either side, and indeed if a line 
is drawn through all the secondary cusps, or all the secondary cols, the 
profile thus obtained exactly resembles the characteristic curve of the 
primary valleys. In general it may be said that the result of denudation 



Fig. 25.— The Formation of .a Peneplain in Folded Strata 


by running water is to carve the surface of the land into vallev’s and 
hills, all of which show the concave profile indicated above, rvliich maj' 
be called TPIE DENUDATION CURVE OF RUNNING WATIiR, and a.s this 
agent is the most active and most widely distributed, it follows that this 
is' the outline most frequently met with. Most of the great mountain 
chains exhibit a profusion of these typical curves, and, indeed, largely 
owe to them their grace and beauty, 

Influence of Folded Strata. — We have already seen that the most 
general result of earth movement is to throw the strata into a succession 
of crests or ridge.s, w'hich are convex in outline, separated by troughs or 
valleys. In- the subsequent denudation of such a region each ridge gives 
rise to two sets of streams flowing down opposite slopes into the bound- 
ing; valley.s. The crest of each ridge becomes the main divide, and the 
secondary divides are arranged nearly at right angles to it. All the 
divides at first are straight, but, as described above, they ultimately 
become zigzag. As denudation progresses, the convex ridges resulting 
from earth movement are replaced by the characteristic concave curves 
somewhat as .shown in the diagram (fig. 25), There is thus an essential 
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difference between the surface outline produced by those agencies acting 
from within the earth (which are comprised in the term earth movement) 
and those acting from without (denudation). Where the former pre- 
dominate convex outlines are the rule, but where the latter predominate 
they become the exception, being replaced by concave curves. This 
difference will be referred . to again, when the features of the land surfaces 
are compared with those of the sea floor. 

PENErLAINS. — If the conditions remain uniform throughout the period 
of denudation the positions of the streams and divides remain unchanged, 
but their heights arc gradually reduced, as shown b}’- the successive broken 
lines in the diagram (fig. 25). The final stage, shown by the firm line, 
approximates to a plain, which has been termed by American geologists 
a PENEPLAIN (almost a plain). The divides and valleys are but faintly 
marked, and the streams, having done their work, can reduce the land area 
no lower by ordinary denudation. The form of the original surface can, 
however, be inferred not onl)^ from the positions of the divides and valleys, 
but from the inclination of the strata; and, in fact, by studying carefully 
the disposition of the rocks it is often possible ideally to restore the form 
of the uplifted land surface before the agents of denudation began their 
destruction. 

COJ.tPLEX River System-S.— It is found, however, that in nature the 
conditions are not always as simple as in the cases described above. All 
the main streams are not of equal volume, and are not always so regularly 
arranged. The folds into which the strata are thrown are not as a rule 
symmetrical, and, in fact, un.symmetrical folds are of more common occur- 
rence. Again, the rocks which the .streams encounter in different parts 
of their course are not of equal hardness; more usually they are arranged 
in alternating hard and soft layers. Some rocks, such as limestone, are 
.soluble in water to a considerable extent, and these ma};- alternate with 
others which are insoluble. Any one of these causes leads to modifications 
in the result explained above. 

Struggle for Existence between Streams.— The most common 
case of departure from simplicity is where one of several streams (A in 
fig. 26) Ho, wing down a slope is more powerful than its neighbours 
from posse, ssing a greater volume. A struggle for existence then set.s in, 
where tlie victory goes to the strongest at the expense of its weaker com- 
petitors. As the rate of down-cutting depends on the volume, other things 
being equal, the stronger stream is able to outpace its neighbours. This 
gives a greater fall to its tributaries, and they extend their valleys un- 
duly towards those of the less-powerful stream (b). The divides are there- 
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fore shifted in that direction, and the stream which already possessed the 
fjreater volume receives more than its former share of the rain which falls 
on the area, and is therefore further strengthened. Its tributaries becenne 
still more active, and the shifting of the divide goes on a further step. 
A time comes when one of the powerful secondary streams (o) taps the 
tributary (e) of the si.ster stream (B), and ultimately the main stream 
it.self, diverting the water down its own valley. This piracy may extend 
to other tributaries in turn, and each increase of volume only .serves to 
assist the already powerful stream and weaken its impoverished neigh- 
bours, until in the end one or more of the latter may lose all their higher 


Initial Primary Watershed 



tributaries by diversion into the adjoining valle}'-, when they arc said to be 
BteHEAPED, as .B at X and c at Y. 

Similar results may be produced if the position of the divide was 
originally unsymmetrical from the drainage having originated on an 
unsymmetrical fold. Another frequent cause of diversion of a drainage 
.sj’Stem is the unequal hardness of the rocks in different parts of the 
course of the stream. Let us suppose a number of parallel streanrs to 
be flowing down a slope across alternate belts of hard and soft rock. 
In the soft beds the tributaries push back their headwaters more 
rapidly than in the hard, so that the streams along these belts are in 
a position to interfere with one another, and if one possessed originally a 
slight advantage in strength it succeeds in robbing its neighbours, and 
nltimatcl}- beheading or diverting, the main stream. At a later stage 
other streams may be captured, so that finally several of those which 
originally flowed side by side across the strata may be forced to flow 
along one of those belts of soft rock. 

Evolution of the River System East of the Pennine 
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Range. — An in.structive example is afforded by the rivers which drain 
tlie eastern slope of the Pennine chain of the north of England. Origi- 
nally a number of parallel streams started in an easterly direction across 
the outcrops of the Mesozoic group of strata (see p. 128). Two of the 
members of this group, the Trias and the longer part of the Lias, consist 
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-Sketch IVrap of the Drainage System on the east of the Pennine Chair 


of soft clay, marls, and incoherent sandstones, which are bounded on each 
■side by harder rocks — on the rvest the Permian sandstones and lime- 
stones, and on the east .the hard strata of the upper part of the Lias 
and Oolites (see fig. 27). One of the present streams, the Aire, finds Its 
direct continuation in the Humber, and we may regard the Aire-Iiumlier 
as one of the original streams. The Ouse,- which rums from north to 
south, is a tributary of the Humber. It lies on the belt of soft Tricissic 
rocks, and has extended its headAvaters far to the north. In so doing 
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it liiis intercepted several of the other easterly-flowing streams, of which 
the Swrile, tlie Urc, the Nidcl, and the Wharfe represent the upper rein- 
narits. Anotlier tributary of tlte Humber on the south is the 'rrent, which 
likewise has extended its iieadwaters in an extraordinary nuinner, ta].)- 
ping- a number of streams, such as the Derwent and otliers, wliicli must 
originally have reached the sea in an easterly or south-easterly direction, 
;ind even interfering with some of the tributaries of the Severn and the 
AVarwickshire Avon. 

Evolution of thu Ti-iames System. — It has been maintained 
that the modern Thames is only the beheaded remnant of a much longer 
river which flowed from the west. Its original headwaters are perhaps 
represented b}? those of the Severn. The diversion in this case is supposed 
to have been effected by the lower Severn and its direct continuation 
the Warwickshire Avon working backwards along the soft beds of Trias 
and Lias until the old Thames valley was readied. 

Consequent Dkainage System.s.— In all the examples hitherto 
considered the drainage has been supposed to originate on a slope which 
was itself the direct result of earth movement, and are styled by American 
geologists consequent drainage system.^, i.e. they are directly consequent 
on an uplift of the strata and bear an intimate relation to it. The troughs 
or .synclinals are occupied by watercourses, and the crests or antidinals 
are the primary divide.s. 

Rivers of the Weald. — One of the most striking English examples 
is the drainage of the Weald, which was started on an arch of l.ower 
Tertiary strata elevated during the period of the Alpine earth move- 
ments. The crest of the arch ran from east to west, and the stream.s 
on the northern slope flowed into the trough forming the London Basin, 
where is now the Thames. The southern streams probably drained into 
a parallel trough forming the ea.stward continuation of the Hampshire 
Basin, but this part is now submerged under the channel (fig. 28). 

Antecedent Drainage System.s. — Another type of drainage system 
is said to be ANTECEDENT, i.e. the streams were in existence before the 
earth movement, and maintained their courses open throughout it. It 
is considered that the Indus and Brahmaputra, which cross the Himalayas 
at opposite ends, were in existence before the beginning of much of the 
Himalayan uplift, and that they succeeded in keeping their channels 
open during the elevation of the chain. When one considers how .slow 
i.s the cutting-down action of a .stream, whatever its size, one will gain 
some idea of the enormous length of time involved in the elevation of 
a great mountain range like the Himalaya.s, 



CYCLE OF DENUDATION 


123 


Cycle of Denudation. — When a tract of land which has been 
elevated by earth movements has been reduced to the state of a pene- 
plain, it is said to have gone through a CYCLE OF DENUDATION. A 
peneplain cannot, however, be worn down to or below sea-level bj- this 
means, so that without other agencies it can never be co\eted anew 
by marine deposits. It is probable that without the intervention of an>’ 
subsequent movement such plains would in time be reduced belou' tlie 
level of the sea by the action of waves on their margin and by slow 
solution, but it is doubtful whether any tract of land has remained 
immovable for a sufficient length of time to allow a cycle to run its 



course to the end. As a rule, in the past histoiy of the earth renewed 
movement occurred before it was completed, and the approximately 
planed surface was either uplifted or depressed. These two possibilities 
ma\? be considered in turn. 

Uplifted Peneplain.— If the whole tract is raised the streams 
which were flowing sluggishly down to the sea are given new power on 
account of the increased fall between source and mouth, and they at 
once begin to cut down or corrade their channels. This action begins 
at the mouth, and gradually spreads inland, so that after a time dee]> 
valleys border the sea margin, whereas farther inland the old shallow 
valleys remain unchanged. If the uplift takes place without tilting the 
tract the streams retain their positions and all their windings, and 
merely entrench themselves along their former channels. In this wri)' 
are often produced intricately winding gorges sunk deep in an elevated 
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plain. The Wear at Durham i.s .supposed to illustrate this condition of 
things. If, however, the tract is tilted or folded, an entirely new drainage 
system may be set up which. bears little relation to that already existing 
on the plain. The denudation of the elevated or folded tract goes on 
in the usual way until it is reduced to another peneplain at a lower 
level, or until a new set of movements di.sturbs the process. 

Submerged Penerlain — Unconformities. — If the plain is depressed 
below sea-level it becomes covered by a fresh set of deposits tirranged 


in horizontal .sheets. As we have, already . seen,, the rocks forming the 
plain had been tilted to various angles before the denudation began, so 
that the new deposits rest on the inclined and planed-off edges of the 
older set, producing the appearance known in Geology as an UNCON- 
FORMITY (ab, fig. 29); it .shows that the area where it is observed has 
passed through the following succession of events; (i) Deposition of the 
older .set of strata; (2) uplift of 

of the rocks; (3) denudation of 
Fi£..g.-An Unconformity the Uplifted .Strata to a plane 


surface; (4) depression of the 


denuded surface below the sea; and (5) deposition of the nevVer or over- 


lying set of rocks. It is obvious that a second uplift of the area, followed 
by denudation, must take place before the unconformity can be lirought 
under observation. 

.SurERT'OSED Drainage Systems.— If after a period of quiet sedi- 
mentation the sea floor suffers another elevation above the level of the 
sea, a drainage system is started on the surface of the newer deposits 
which bears a direct relation to that uplift. Denudation then begins to 
remove the newer bed.s, and in time the streams cut down to the under- 
lying older rocks at certain places. If the elevation has been of sufficient 
amount tliey do not stop there, but continue to deepen their channels 
in the latter .strata. At a much later stage the whole of the newer cover 
may be denuded away, and the stream channels are then carved entirely 
in the older rocks. As the drainage originated on a cover of rock.s which 
was folded in a certain way, it was quite independent of the direction and 
amount of folding in the strata underlying the cover, and, without kncwving 
the circumstances under which the drainage was originated, one might well 
be puzzled at the absence of any relation between the streams and the 
structures in the rocks over which they flow. It is claimed that the drain- 
age s> stcin of the English Lake Di.strict offers an example of this (fig, 30). 
The drainage probably started on a dome of carboniferous or newer rocks. 






CHAPTER V 


EARTH HISTORY— ORIGIN OF THE GLOBE 


Explanation of Past by Present. — The reader has now been 
made acquainted with the more important forces which are capable of 
modif3'ing the external features of our globe, and with the results which 
follow from their operation. In Modern Geology the assumption is made 
that these forces and their results were — in the main — of the same kind 
in past times as those which are in operation at the present day — an 
hjfpothesis which is warranted by many lines of evidence, some of which 
will appear at a later stage. It does not follow, however, that those 
forces were not more intense in their action, or, in other words, achieved 
the same results in a shorter time. 

C.-vtastkophist Views. — In the early days of Geology it was the 
prevalent notion that the earth had been affected at intervals in its career 
by violent convulsions, cataclysms, or catastrophes, which altered siiddenl;'- 
the whole aspect of its surface; the old order of things was destrujmd and 
a new order .set up, which prevailed until it was upset in its turn a 
renewed cataclysm. With the increa.se of knowledge and the emancipation 
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of thought, following on the introduction of more scientific methods of 
investigation, it was gradually recognized that these views were not 
supported liy evidence, and, moreover, were unnecessary, for it was sliown 
that the observed facts could be explained in a rational manner without 
having recourse to sticlt violent means. 

Unikormitarian Vikw-S. — The reaction from the old catastrojiliic 
views gradually drove geologists to the other extreme, and the unifonni- 
tarian teachings of Hutton and his exponent Playfair wore generall)- 
accepted and followed. In his Theory of the Earth Hutton describes 
the formation of hills and valleys by the ordinary mechanical agencies; 
he saw the re.semblance of the rocks of the earth’s crust to deposits 
which are forming at the present day, and argued that they had been 
formed in the same way, and had attained their actual positiim l^y sub- 
sequent uplift. He then enunciates the view that the forces of past 
times have been the same as those of the present, and ha\'e acted with 
the same intensity. He further remarks: “ In the economy of the wtn-ld 
I can find no trace.s of a beginning, no prospect of an end”, for he 
imagined the old rocks to have been derived from pre-existing rocks, 
themselves perhaps the ruins of still earlier rocks, and that the same 
proce.ss might be repeated indefinitely throughout the future ages. 

Evolutionary Views.— -Within the last few decades the principles 
of evolution have pervaded Geol(.)gy in common with other departments 
of science, so that there is now a tendency to abandon the strict uniformi- 
tarianism of Hutton, and to take up an evolutionary standpoint. On 
this view the forces of change have not necessarily been of invariable 
intensity from the beginning of the earth’s history, neither ha\'e they 
attained the excessive violence implied in the catastrophic notions ; they 
are assumed to have varied in intensity following the variations in the 
internal heat of the earth and the radiation from the sun, fr(.)rn which 
they derive their energy. It is probable that the.se have diminished 
gradually in the past; if so, tlien the forces of nature were at one time 
more vigorous than they are at the pre.sent day. 

Stages in Earth History.— The earth is thus assumed to have 
attained its present form and features, like a living organism, by a .slow 
proce.ss of growth and development,, and each .stage in its history was 
necessarily dependent on those that went before, and left its mark on 
those that came after. From this it follows that the condition.s whicli 
obtained during any period are not likely to have existed before nor to 
recur exactly at any later time. 

Coal Period. — A n illustration of this may be found in the circum- 
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stances under which the world’s great coal-supplies were laid down. The 
coal period was marked by a peculiar combination of conditions which 
prevailed over enormous areas of the earth’s surface. Those conditions 
followed a prolonged interval of coniparative quiescence, during which the 
denuding agents reduced large tracts to the state of an approximately level 
surface or peneplain. Slow oscillations of small extent and a gradual sub- 
■sidence of the land attended the deposition of the measures, so that the 
shallow-water conditions necessary for the formation of coal beds persisted 
throughout a long interval. Further, the climate was such as to favour 
a luxuriant growth of vegetation and its subsequent preservation from 
complete decay. This combination of conditions is unique in the earth’s 
history ; it had never occun-ed before and has never obtained since, except 
over limited areas and for a limited period ; neither is it likely to recur 
in the future. Thus we see how intimately the commercial prosperity 
of many countries at the present day is connected with conditions which 
prevailed countless ages ago. 

Story of the Earth. — It will be the aim of the succeeding chapters 
to trace the varied changes which our globe passed through before it 
attained to its present aspect. The story of the earth thu.s unfolded is 
based on the study of the rocks which form its surface. We have already 
seen how those rocks were formed, and how they have been brought to 
occupy their present positions as the result of movements in the crust of 
the earth, We have also seen how the relative order of formation of 
different rocks can be determined by their order of superposition, and 
by the remains of organisms which they enclose. 

Geological Record Chronology of the Rocks,— With the 
aid of these principles it has been found possible to arrange the various 
rocks which go to make up the earth’s surface in the relative order of their 
formation, or, in other words, in order of age. Rocks of the same ago have 
been classified into groups and given some distinguishing name ba.sed 
either on their lithological characters, their organic remains, or the locality 
where they are well displayed. These groups have been collected into 
larger groups for convenience. The arrangement adopted and the names 
given necessarily vary somewhat in different countries ; but a general 
similarity of grouping underlies them all. The one usuall}^ adopted for 
British rocks, which, as a fact, include equivalents of nearly all the rocks 
forming the earth’s surface, is subjoined (taken from J. E, Marr’s Frincipks 
of St rdtigrnphical Geologyy 
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SYSTEMS 

(•Recent. 

Pleistocene. 

Cainozoic or J Pliocene. 

Tertiary. 1 Miocene. 

Oligocene. 

^Eocene. 

Mesozoic or 
Secondary. 


'Cretaceous. 
- Jurassic. 
JPriassic. 


i Permo-Carboniferous (of certain extra-British areas). 
Carboniferous. 

Devonian. 

Silurian. 

Ordovician. 

Cambrian. 

Precambrian. 

Wide Application of Terms. — The systems may be divided into 
series, and the series into stages, which may be, further subdivided to any 
extent according to local peculiarities. It is noteworthy, however, that the 
names which are given to the various groups in the above talole of British 
rocks have a very general application, and, in fact, they can be, and have 
been, applied in a broad sense all over the world. This i.s significant, a.s 
showing the widespread nature of the changes which have affected the 
earth’s surface in the past. For example, the system names Cambrian, 
Ordovician, Silurian are found to be applicable witliout difficult}' to the 
older rocks of North America, and it has been frequently found that 
similar organic remains or fossils occur in Britain and North America, and 
succeed each other in the same order in these two widely separated areas. 
The identification of strata in two districts isolated by the sea or by other 
rocks is largely based on the fossils they contain, as the actual order of 
superposition cannot in those cases be observed. 

Geological Maps. — In most regions the distribution of the rocks of 
various ages and lithological characters have been laid down on maps; the 
boundaries between the different kinds are shown by lines, and tlic areas 
occupied by them are indicated by colours, or by a suitable s}'.stem of 
.shading or other conventional design! Such a map, on which the various 
rock types found in a region are separated off and indicated in a suit- 
able way, is known as a GEOLOGICAL MAP (see coloured map of the 
' rocks of the British Isles), 

Before pa.ssing on to the earth history proper, it may be useful to 
indicate briefly the main lines of the story. 
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EarltI'^st Condition of the Earth. — I n its earliest stage tlie earth 
was in a state of vapour, or compo.secl of small particles cliffu.sed over a 
much wider .space than it occupies at present. In cour.se of time the 
vapour or particles began to collect around a centre under the influence 
of gravitation, and in the process much heat was generated which tended 
to oppose their aggregation. The loss of heat by radiation into space in 
time enabled this to proceed, and after a prolonged period of cooling a 
crust rvas formed, suiTounded b}^ an atmosphere. The eaidy stages of 
con.so]iclation were probably marked by considerable volcanic activity, 
when the cru.st was repeatedly broken up and renewed. 

Initiation of Denudation and Deposition. — When the cooling- 
had proceeded far enough for water to exist as such, denudation with 
attendant deposition was initiated. The water collected in hollows of the 
primitive surface, and in these hollows the first sediments v'ere laid down. 
It is not likely that recognizable traces of those earliest sediments have 
persisted to the present day. There is probably a great gap in our know- 
ledge of the beginning of sedimentation, and the succession of events 
which preceded the formation of the oldest deposits which have beeri pre- 
served to us is matter of inference and speculation rather than of actual 
khowledge, 

Earliest Traces of Life. — In the beginning of the Cambrian period 
we are furnished with evidence of life in the sea waters. The highly 
organized nature, relatively speaking, of the first undoubted organisms 
hitherto discovered leaves no room for doubt that they were the descen- 
dants of a long train of ancestors which lived in earlier seas, but of which 
few; if any, traces have been found so far. 

Alternating Periods of Quiescence and Distukhance. — From 
the beginning- of the Cambrian period the records of the rocks become 
clearer, and can be read with some certainty. We know from their study 
that from that time onwards the surface of the earth has pas.sed through 
Jong stages of comparative quiescence, interrupted by periods of great 
disiturbance of the cru.st, which usually affected wide areas and 'produced 
radical changes, especially in the distribution of land and sea and climatic 
conditions. The Lower Palmozoic, viewed broadly, was a quiescent period 
marked by gradual subsidence of land areas at the beginning, and gradual 
emergence towards the end, culminating in continental conditions duriiig- 
Devonian time.s. Minor disturbances and irregularities on a small .scale 
were not unknown, but their effects were comparatively unimportant 
Continental conditions were succeeded by a quiescent phase lasting through 
the Carboniferous period. At its close an important uplift set in, with the 
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elevation of mountain chains, which modified profoundly the aspect of the 
earth’s surface, more especially in the Northern Hemisphere. 

This movement was fcjllowed by another lonj? quiescent jDcriod, wliich 
lasted throughout the Mesozoic and well into the Tertiary ireriod. it 
was brought to an end by a great movement, perhap.s the greatest of 
which the rocks furnish evidence since Frecambrian times. The Alps 
and Himalayas are the products of this disturbance, which also affected 
the whole margin of the Pacific, elevating, among others, the Andes of 
South America and the coastal chains of North America. It is possible 
that this disturbance has not entirely ceased even at the present day, but 
in any case its energy is enfeebled, and we are now living in one of the 
quiescent periods. Such, in brief, has been the history of the earth. We 
may now consider it in more detail. 

ORIGIN OF THE TERRESTIAL GI.OBE 

Until recent years, Lai'LACE’s NEBULAR THEORY of the origin of the 
earth and the solar system was generally accepted. According to this 
theory the matter of the solar system was once in a gaseous condition, 
and at an extremely high temperature. The whole occupied an enormous 
space, and rotated in the same direction as the present .system. The loss 
of heat by radiation into space caused contraction, with consequent increase 
in velocit}-' of rotation, After a time, when this velocity incrc:iscd to such 
a degree as to more than counterbalance the effects of attraction towards 
the centre, portions on the outside of the gaseous mass separated off from 
the inner portions, and were left behind as a gaseous ring somewhat 
resembling the ring of the planet Saturn. On further cooling, other rings 
were produced in a similar way. Each of these ring;; represented a 
planet; on further cooling they parted and collected into masses similar 
to the parent body, and went through similar stages, throwing off rings 
of their own to form smaller masses or satellites. One of the larger masses 
became our earth, and one of the smaller masses thrown off by it the 
moon. The remnant of the original gaseous mass, after throwing off the 
various rings, is the sun, which has since gone on cooling and contracting. 

After acquiring a separate existence, the gaseous earth cooled still 
further until it became liquid in parts. This occurred first at the surface, 
and gradually extended towards the centre, when the liquid globe was 
surrounded by a ga.seous atmosphere at a high temperature. At a later 
stage a solid crust began to form on the outside of the liquid mass and 
became gradually thicker in course , of time. This is assumed to be the 
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state of the earth at the present day, viz. a hot molten interior surrounded 
by a comparatively thin solid crust, outside which is the atmosphere. 
Such are the main features of the Laplacian hypothesis stated in their 
simplest form. Certain modifications of it have been suggested in so far 
as it affects the present constitution of the earth. 

Modifications OF Nebular Hypothesis. — One of these assumes 
that the core of the earth is solid in accordance with the well-known 
physical law that the melting-point of most substances is raised by pres- 
sure, it being- considered that the extreme pressure which must obtain at 
the centre is sufficient to keep all sub- 
stances in a solid state, however high 
the temperature ma}' be. According 
to the same hypothesis, the solid core 
is surrounded by a belt where the in- 
fluence of pressure is not sufficient to 
counteract the high temperature, and 
the matter there is in a molten condi- 
tion. Accordingly, the earth is supposed 
to consist of a solid crust and a solid 
core, with an intermediate molten layer. 

Another hypothesis assumes that the 
earth is .solid throughout, and another 
that the core must be gaseous at the 
high temperature which exists there. 

Planetesimal Hypothesis.- — Many objections have been urged 
against the above hypothesis and its modifications, and latterly a rival 
has arisen formulated by certain American astronomers and geologists, 
and styled by them the PLANETESIMAL HYPOTHESIS. This was suggc.sted 
by the study of nebulm by photography. The most common type of these 
.shows a very distinct spiral structure, consisting of a more or less dense 
core, witli two spiral arms both coiled in the same direction, such as might 
be imagined to result from a comet with a head and two streamers being 
rolled up on itself. Fig. 31 represents a photograph of one of the most 
marked of this type. Those of them which have been viewed sideways 
show that they at any rate are not globular but disc-like. Such nebulm 
gave continuous spectra like hot, solid . or liquid bodies, hence they are 
assumed to be made uia of sort'd ov liquid particles, to which the)^ have 
given the name planetesimals. This is a fundamentally different 
conception of the primary matter of the solar system from that offered 
by the Laplacian hypothesis. Another feature of these nebulm i.s the 
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presence of denser aggregates or clots of particles at intervals along the 
arms. The new theory po.stulates that the planets of tire stdar sy-stein 
bad their origin in similar clots on a parent nebula of the spiral t3-pc. 
and that from the central core the .sun was develf)pccl. At a later stage 
the central core and the clots became more distinctly seijarated, and 
gathered into thcm.selves the scattered particles which surrounded llicm. 
From this stage dates the .separate existence of the planets of which tlic 
earth is one. , ' . 

Later Stages. — Let us now consider the later stages preceding the 
sedimentary record as stated in the new hypothesis. At fir.st the planetary 
mass of the earth, which was growing at the expense of the matter in the 
space surrounding it, did not possess an atmosphere, for its nuuss had not 
increased sufficiently to hold one by attraction. Were it not for the attrac- 
tion which tlie present earth exerts by virtue of its mass on the gases in 
the atmo.sphere these would fly off into space, and leave an atmosphereless 
globe. As the young earth continued to grow it became capable of retain- 
ing an atmosphere, but one much more attenuated than the present. It is 
known that many molten bodies can hold large quantities of gaseous 
matter; ivhich they give off on cooling, and the atmo.sjjhei'ic gases are 
supposed to have been derived by occlusion (as this phenomenon is termed) 
from the cooling materials of the earth. In this respect, again, thi.s hypo- 
thesis stands in marked contrast to the Laplacian view. 

Temperature in Young Stage.— Another important feature of the 
hypothe.sis is the assumption that in the young stage the temperature of 
the earth was not excessively high, probably not high enough to fuse most 
of the constituents, Increase of temperature resulted freun contraction and 
compression £is the bulk increased, from chemical activity within, .and from 
the falling in of new material. As a result, melting of the con.stituents 
occurred at first irregularly through the mas.s, and then became more 
general in the inner portions, while the outside was still a confused col- 
lection of particles which had been gathered up from space and had not 
; been melted. ■ - 

PTust Volcanic Episodes.- — When melting occurred within, tongues 
of molten material were pressed into the outside fragmental zone ;uid some 
reached the surface, thus giving rise to the first volcanic epi.sodes. The 
volcanic action became more intense as the internal heat continued to 
increase by the above and other means, until the surface was nuide up 
chiefly of lava and fragmental material, while molten m;is.se.s insinuated 
■ themselves here and there underneath the surface and later on con.solidated. 
When the outside became sufficiently cool to allow of the condensation of 
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water vapour, which was likewise derived by occlusion from the molten 
matter, tlie ordinary processes of weathering began and the elevated or 
projecting parts of the surface were denuded away, the material being 
deposited in the hollows. The products of volcanic activity thus became 
mixed with ordinary sediments. 

Inception or Land and Water Area.s.— This hypothesis also 
offers what is perhaps the most reasonable account yet proposed of the 
initial stages in the separation of the surface into distinct land and v\'ater 
areas. At first the water collected into hollows distributed irregularly 
over the much-broken surface, but it is supposed that from various acci- 
dental causes these hollows were relatively more numerou-s in some places 
than others, .so that, taking broad tracts into consideration, some would 
have more water areas as compared with land than neighbouring ones. 

It is known from the behaviour of the ordinary agents of weathering 
that the heavier materials are removed in solution more rapidly than the 
lighter ones. As soon, therefore, as weathering began to operate, the 
removal of a greater proportion of the heavier constituents from the land 
to the water tracts left the former somewhat lighter and the latter heavier 
than before. It is supposed that this caused the aqueous tracts to sink 
W'ith respect to the land, whereby more water flow’ed into them, thu.s 
increasing the weight and subsidence still more. B3’ a repetition of these 
processes the smaller areas gradually united into larger ones, until the 
surface rvas marked by continuous sheets of water of considerable size 
separated by tracts of land. The origin of oceanic basins is therefore 
assigned to a very early stage in the history of the earth, and it i.s con- 
sidered that from that time to the present the positions of the deeper parts 
of the modern oceans, especially the Pacific, have not altered materially) 
so that if a borehole could be put down under those parts there would be 
found in succession representatives of all the deposits formed since the 
beginning of sedimentation. From the time when the oceanic basins 
were originated, and denudation began to operate, the subsequent historj) 
of the earth proceeded along more or less familiar lines down to the 
present day. 

SuECiAL Character of Early Stages—Life.-- -The chief differ- 
ence between that early period and the present lies in the fact that now- 
adays the products of volcanic activity bear but a small proportion to those 
of denudation, whereas then the reverse was the case. There is yet one 
important event to chronicle ; at some stage or other there was a beginning 
of life. It is not known how it originated, nor when and where it first 
appeared, for the earliest traces met with in the rocks show that it had 
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then attained to a considerable degree of complexity.. According to the 
generally accepted theory of evolution this implies that life laid existeil 
for a very long period of time before it could have developed to that stage. 
Nothing i.s as yet definitely known of the earlier condition of life on the 
globe, 


CHAPTER VI 

FIRST CONTINENTAL (ARCHAiAN) PERIOD. 
FIRST MARINE (OLDER PALJ20Z0IC) PERIOD 

THE P.RECAMBRIAN OR ARCH/EAN PERIOD 

Di,stribution and Character or the Rocks. — Tlie oldc.st rock.s 
met with in the .surface of the Earth are a.ssigned to this period. They 
have a wide di,stribution in every continent (see plate), and also underlie 
at no great depth the rocks of the sedimentary serie.s, which only form 
a relatively thin skin above the old fundamental rocks. Their character- 
istics are sufficiently pronounced to mark them off as the pnxlucts of a 
special period. For the mo.st part they consist of what are known as 
CRYSTALLINE and FOLIATED rocks; mo.st of the former are made of 
mineral grains or crystals which have formed in the n.)ck as it coeded 
from a molten state ; the latter are of various origins, and their peculiar 
characters have been impressed upon them by intense mo\’ements which 
have rolled them out, crushing the original minerals and causing; new 
ones to develop in parallel bands — hence the origin of their striped, 
banded, or foliated appearance. In .some crystalline and foliated rocks 
the minerals have been developed from pre-existing minerals unrler the 
action of intense heat {therinnl inetamorphisvi). 

Conditions of Formation.— -The conditions under which thej- were 
formed were also peculiar. Many of their characteristic minerals can only 
be produced under the action of great heat, and they must tlierefore have 
been formed either at a stage in the history of the earth vdien the tem- 
perature was high, or at a great depth underneath the surface, lVlan}Vof 
the cry.stal]ine rocks can be proved to be INTRUSIVE masses, Lc. they u'Ci'e 
forced from below in a molten state into overlying strata, which were higlily 
disturbed, balced, and even melted in the process. It is probable that they 
never reached the surface, but cooled slowly at great depths. In several 
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cases they are the remnants of deep reservoirs which supplied the material 
welling out at the surface in volcanoes. 

Many of the foliated and some of the crystalline rocks appear to 
have been at one time ordinary sediments, but so changed are they’ from 
their erstwhile condition that their original state is often difficult to make 
out. The minerals which they contained as sediments have been entirely 
destroyed and replaced by totally different minerals formed under the 
influence of high temperatures and intense pressures. It is known that 
such changes can occur in sediments, for they have taken place in later 
periods near large masses of intruded rocks, such as the granites of Bodmin 
Moor, Dartmoor, and other places in Devon and Cornwall and elsewhere. 
These are surrounded by a ring of finely crystalline and banded rocks, the 
passage of which into ordinary sediments can be clearly traced. 

The Precambrian rocks, as a rule, bear evidence that in addition to 
high temperatures intense pressures have operated upon them, whereby 
they were twisted, crumpled, and shattered to an almost incredible degree 
(see fig. 32). The existence of such pressures in itself points to their having 
been formed at great depths, and their presence at the surface must there- 
fore be the result of considerable upheaval followed by long-continued 
denudation. As these rocks had very much their present aspect before 
the beginning of the Cambrian period, one gains some idea of the length 
of time during which the agents of denudation must have been at work; 
but of the resulting deposits only those formed under continental con- 
ditions towards the end of the period have been preserved to us. 

The Precambrian rocks are frequently spoken of as if they represented 
the rocks of the primitive surface of the earth. This is not probable, for, 
a.s has been said, many of them are intrusive masses, and therefore they 
must have been intruded into something which was above them ; moreover, 
it is difficult to believe that the violent contortions of the foliated rocks 
could have been induced except under the pressure of a great thickness 
of some cover. 

ARCHrEAN AND YOUNGER RoCKS.— The Cambrian sediments rest 
directly on the crystalline rocks, and their lower strata contain pebbles 
derived from those rocks which show that they had been brought to much 
their present state, and moreover had been exposed by prolonged denuda- 
tion of the overlying cover, before the sediments were formed. Certain 
sediments attributed to the later stages of the Precambrian period have 
been referred to above; they resemble in most respects those formed under 
continental conditions in later tirties; they are mixed with volcanic material 
and rest directly on crystalline rocks. It is claimed that trace.s of organic 




remains have been observed ■ in , them, but as yet they arc imperfectly 
understood, . 

Distribution and Economic Importance of ARCUUiAX.-— Tlic 
large area occupied by the Precanjbrian rocks is indicated on the accom- 
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panying map, from which it will be seen, that they form a lai'ge part of the 
surface in every continent; in addition to this they underlie later rock, s at 
a very small depth over wide regions. They are of great economic im- 
portance, as they contain rich stores of metallic minerals from which .such 
metals as silver, copper, iron, nickel, aluminium, and others are extracted, 
while most of the world’s gold supplies can be traced in the end to this 
source. During their denudation the gold particle.s were washed out of 
them and accumulated in later deposits, so that the metal is now ob- 
tained from those rather than from the parent rocks. 

Fiit.ST Continental Period. — ^The oldest rocks point therefore to 
great earth movements, with attendant mountain-building and subsequent 
denudation, in tlie period preceding the formation of the oldest Cambrian 
strata. That this movement was a widespread one is shown b\' the great 
extent of land composed of these rocks which existed at tlie beginning of 
Cambrian times, The Precambrian may therefore be spoken of as the Fh'sf 
Continental Period. At its height, when the earth movements had reached 
their greatest intensity, the surface of the earth must have been highly 
irregular, but before Cambrian times prolonged denudation had removed 
the irregularities and smoothed down the surface almost to a i^lain; it 
is probable that many areas of Precambrian rocks have never been sub- 
sequently submerged; they have therefore suffered the denudation of all 
succeeding periods in addition. 

Scenic Features of Arch^an Regions. — For these rca.sons the 
regions occupied by the oldest rocks are characterized not by great alti- 
tudes and rugged features but bj^ a moderate altitude and smooth undu- 
lating outline!?, while mountain chains in the true sense of the word are 
absent. It is true that a country such as Norway, which is made up 
almost entirely of the.se rocks,, may be described as a mountainous country, 
but there are no true mountain chains. The mountains have ariisen from 
the carving out of valleys in a plateau of the old rocks which was uplifted 
to its present height at a recent period. When Norway is viewed from 
the west it presents an extremely rugged aspect, but when the moun- 
tains are ascended, and the highest point is reached, the appearance changes 
to that of an immense plain carrying numerous shallow lakes on its surface, 
and furrowed here and there b}' deep valleys. All the mountain tops come 
up to a uniform level and there stop; if, therefore, the valleys and hollows 
were filled in, and the tract thus restored to its condition before denudatiem 
had acted on it, an almost level plain of great extent and sloping gently to 
the east would be the result. 

The plateau character is exhibited to a more marked degree by the 
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region around the great lakes of North America. It is au illustration 
of the general principle that the most rugged outlines are found in 
regions composed, not of the oldest rocks, but of those winch have been 
alTectod by earth movements in comparatively recent; times, rvhere 
denudation has not acted on them for a .sufficient Itingth of time to 
wipe out the irregularities produced by those movements. 

It is probable that red and green sandstones, conglomerates, and shales, 
such as the Torridon of north-west Scotland, the Longmynd rocks of 
Shropshire, and similar rocks in Norway and North America, were laid 
down in inland basins towards the end of the first continental period, but 
as yet no marine deposits are known with certainty, .so that the extent 
and positions of the land areas can only bo approximately guessed at. 

First M.\RINE (Older Pal.TOZOIC) Picriod.--~A gradual but wide- 
spread submergence brought the continental conditions to a close and 
ushered in the first marine period, which lasted, with a few minor 
interruptions, to the end of Silurian times. Stated lu-oadly, the earliest 
Palaeozoic rocks were deposited during the initial shallow - water pimse 
in a gradually deepening sea, while the later sediments .show the effects 
of the progressive shallowing which culminated in the Second Continental 
Period at the close of the Silurian. 

Cambrian Period. — As considerable interest attaches to the con- 
ditions under which the earliest undoubted marine sediments which have 
been preserved to us were laid clown, an attemjjt will be made to indicate 
the probable state of the earth’s surface at the beginning of the Cambrian 
period, in so far as thi.s is made possible by a study of tlie character and 
distribution of the strata and of the organic remains, or, in other words, 
to restore the geography of that remote period. Not only will this serve 
to illustrate the method by which the geographies of the past are ideally 
reconstructed, but it will bring their comparison with modern conditions 
forcibly before the reader. 

The DISTRIBUTION of the Cambrian rocks is almost world-wide, and 
the earliest sediments are everywhere characterized by peculiar organic 
remains which render it a matter of no great difficulty to identify these 
strata in different parts of the world, however distant they may be. 
Cambrian rocks occur in force in vailous parts of northern and southern 
Europe and North America, and have al.so been observed in Argentina, 
India, China, Australia, and Tasmania, As the name of the sj'stem 
suggests, they are . exceptionally well developed in Wales, where thej' 
were finst carefully studied and divided into various groups, to whiclT 
local name.s were given after the places where they arc typically dis- 
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played. As similar rocks came g-radually to be identified in various 
parts of the world, the local Welsh names were extended to them also, 
and thus we hear expressions such as the Tremadoc rocks of the State 
of New York, or of Argentina, but recently, and more especially in 
America, there has been a tendency to displace the British names in 
favour of local terms. 

Early Camurian Sea. — The rocks on the whole are such as would 
be laid down in an open ocean, and the fossils support this view, .so 
that where Cambrian strata are now visible it is safe to infer that tliose 
places were then under the sea. But the extent of that sea was much 
greater than the area where these rocks now occur at the surface. In 
the first place, large tracts of sediments have been removed by denudation, 
while others have been covered over by later deposits and hidden from 
view; and, la.stly, parts of the floor of the early Cambrian sea may have 
remained under water from that time to this, in which case the deposits 
have been covered over by those of all subsequent periods. The relation 
between the present occurrences of these rocks and their probable distri- 
bution in the past is well shown in the map of North America (fig. 33). 

The limits of the early Cambrian sea must therefore be discovered 
from other data than the present distribution of the sediments, and to 
this end the character of these must be studied. We have already seen 
that near the shore and the mouths of rivers at the present day coarse 
sand and gravel are laid down; while farther out to .sea are the finer 
sands, clays, and muds, or, if conditions are favourable, calcareous deposits 
may be formed. The kind of rocks, and their relative fineness, afford, 
therefore, a clue to the distance from the shore line at which they were 
laid down. 

If we apply this to the Cambrian rocks of northern Europe and 
North America, we find there is a remarkable agreement between the 
two sides of the Atlantic. The Welsh deposits are probalfiy about 
12,000 ft, thick, and consist largely of sandstones and conglomerates 
(once sands and .shingles), which indicate proximity to a shore line, and 
it is indeed probable that this lay not far off the coast of Wales. Along 
the Welsh borders the sediments are finer-grained and of smaller thickness 
(about 3000 ft.), which suggests an increasing distance from the shore. 

This suggestion is borne put by the rocks in the north-west Highlands 
of Scotland, which are still thinner, and contain much calcareous matter; 
while if we pass to Scandinavia, the 13,000 ft. of sediments in Wales 
are represented by extremely fine black shales and limestones of a total 
thickness not exceeding 400 ft. — an attenuation which becomes still 
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■ Figi33'-"*i=iP of North America, .showing the Outcrops in black of Kavly and ]\IicItUe Cambrhm Formations 
'rhe a,i:eas shadu\ rcpiescm regions where the formationfi are believed to exist, tliniijTh not tixiinsed; broken 

. lines indic.Hte uncertain aitas. The. unshaded areas nprth.of Mexico are behoved to have been land during the 
:«a^Iypom9iVp^^ unshaded area south of the United States represents Inok of bnowleclgc 


moic marked on passing east into Russian territory. Tln\ thinning 
towards the cast, and the incoming of fine sediments and linirsLcmcs in 
that direction, accords well with the view that the shore line lay to the 
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west. A similar easterly thinning may be observed in comparing the 
Cambrian rocks of Bohemia with the corresponding strata as developed 
in Brittany. 

On the west side of the Atlantic the conditions were I'eversed, for 
it is found that in parts of eastern North America the sediments are 
coarse and of great thickness, while farther inland they are much 
attenuated, and consist of fine .shales and limestones, from which it may 
be inferred that on that side of the Atlantic the shore line of the 
Cambrian .sea lay somewhere not far off the present coast. 

Early Cambrian Land. — It follows that the North Atlantic was 
at that time occupied wholly or in part by a land area, from which 
the European sediments on the east and the North American on the 
west were derived (see plate). This early continent has been spoken of 


Eastern Site of Modem 

North America Atlantic Ocean Europe 





Fig. 34.— Diagram iliustrating the relations of the Cambrian Rocks pf North AnwriCii to these of Europe 

sometimes as Atlantis (fig. 34). The central parts of North America, 
however, are believed to have formed a land area of great extent, to 
the south of which the sea margin extended continuously from the 
east coa.st to the Rocky Mountain region of the w'est. This may be 
compared with the eastern Russian region, which was also a land area 
at the time, while the western and southern i-egions were under the sea; 
the central region of China wa.s probably another extensive land area. 

Younger Cambrian. — Passing now to a consideration of the higher 
Cambrian strata, it is found, in the first place, that they are finer grained 
than the low-er, and contain more calcareous rocks; in the second place 
they have, on the whole, a wider distribution; they often occur, especially 
in the .south of the United Siate.s, resting on old rock-s, wdiere no lower 
Cambrian exists; this is known by geologists as an OVERLAP of the higher 
•strata over the lower. Both the distribution and the nature of the .sedi- 
ments point to a deepening of the sea during the period, and to the exten- 
.siou of the .shore lines as more and more of the land became submerged. 

Ca.m BRIAN Climate-Evidence of Conditions.— T he similarity 
of the sediments as a rvhole to those formed in subsequent periods, even 
unto the present day; shows almost conclusively that the condition.s under 
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wliich they were deposited were, in the main, of the same nature as those 
which have prevailed since; but as there arc no means of ascertainini;- the 
rate at which they were formed, one cannot infer whether denudation 
was more rapid then than now. One peculiarity of those sediments is 
the large proportion of felspars which the cnars<,>r kinrls contain. In 
temperate climates, at the present day, this mineral is naulilj’ decomposed 
by the chemical action of water and carbon (lio.vidt:; but in arid regions, 
where .such action may almo.st be neglected, they are not decomposed, 
and their grains become mixed in the 

scratched and polished iirecisely like 
Isfi. 35.— Scwwhed Stone from tho( 3 lacial Beds at ^ 

the base of the Camlnian ill Cliina (Willis) those which OCClir in tile deposits left 

by modern glacicns, and thej’ rest on 
a smooth scratched surface, also i'e.sembling one over which glaciers have 
passed (fig. 33). It would appear from this that glacial coiulitions cer- 
tainly prevailed at these widely separated pkices at the very beginning 
of the Cambrian period. The mean temperature of the earth could not 
therefore have been widely different from that of the present chi)', and the 
arid conditions sugge.sted by the preservation of tlic felspar grains in tiic; 
rocks were probably due to local causes. 

It hess been mentioned that the Cambrian rocks of west and north 
Europe strongly resemble those of the Atlantic border of North America; 
tlie resemblance is indeed closer than with those of .southern and centiad 
luirope, which in turn are more allied to the conusponding deposits of 
the southern and western United States. It has been argued that this 
indicates a difference between the climates of the northern and the soutlicrn 
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resemblance of the Cambrian fossils everywhere appears to point, on 
the other hand, to equable climatic conditions over the whole globe. 

The Cambrian period was one of little volcanic activity, at any rate in 
the submarine areas. Sheets of lava found between normal .sediments 
prove occasional eruptions under the sea, but more frequently beds of ash 
may be observed which indicate that there were active volcanoes on the 
land; some of the a.sh blown out from these was scattered over the surface 
and subsequently washed into the sea along with other detritus, while 
some of it fell into the sea directly and settled to the bottom. It has 
frequently happened that sheets of igneous rock have been forced from 
below into the strata long after they were deposited, and it is not always 
ea.sy to distinguish between these intruded sheets of later date and true 
lava flows formed at the same time as the strata among which they occur. 
The test applied where possible is: whether the strata are hardened or 
baked above and below, or only below. If the former holdwS, the strata 
must have been there before the igneous rock ; if the latter, the lower bed.s 
were there, but the upper had not been laid down. 

Life of the Cambrian Period.— It is known from direct evidence 
that life of some kind existed prior to the beginning of the period, but the 
remains of it are scanty and imperfectly understood. Further, if the tenets 
of the theoi'}^ of evolution are accepted, it follows that, as the organisms of 
the Cambrian seas were descended from a long line of ancestors, a corre- 
spondingly long time must have elapsed during which those ancestral forms 
lived and developed. It is a remarkable fact that all the great groups 
of the animal kingdom, except the vertebrata or back-boned animals, are 
represented among the Cambrian fo.ssil.s. The majority of them, however, 
show clearly that they are but early types, from which were descended in 
later periods others better adapted to take advantage of their surroundings 
in tlie all-important matters of obtaining food and: defending themselves 
against their enemies. 

Ordovician Period.— It has been said that during the later stages 
of the Cambrian the land was gradually sinking beneath the sea, and that 
finer sediment.s and limestones were laid down where at one time had been 
shallow sea with its sands and shing]e.s, or perhaps even a land area. 
During the succeeding Ordovician period the submergence continued and 
reached a climax towards the middle, when deep .sea prevailed over the 
greater part of the early Cambrian shore and extended over much of the 
Cambrian land. Afterwards the character of the sediments .shows that 
a slow and progressive shallowing set in which became more marked in 
the succeeding Silurian period. 
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ClIARACTKR AND DiSTRIDUTION OK ORDOVICIAN ROCKS.--A Hh-ikiiirr 
duiracter of much of the finer-grained Ordovician Kediinents is their blaclf 
colour, due prolialily to the admixture of a large amount of carbonaceou.s 
matter. It has frequent^ led to llic expenditure of much time and 
money in futile attempts at finding' coal in these rocks. l:.,ike tlie Cam- 
brian .strata, they exhibit tlie .same tendency to become tliinner, liner- 
trained, and more calcai’oous in passing' from west to e;ist, or, more 
correctly, from south-west to north-east, which points to the continued 
existence of part of the old land area toward.s Ihc west; the corrc;s].)onrling 
depo.sits of eastern North America are cliaracterized bj- great dcpo.sits of 
limestone made up of organic i-emains.' It is possible that by this time 
the continental area which occupied tlie North Atlantic had been worn 
down to a small elevation, and that the .sup])ly of mechanical sediment 
was becoming limited, and therefore a clear sea w’oiild result, enabling 
tlie calcareous organisms to live and thrive. 

The difference between tlie north and south Kuropean regions of this 
period was more pronounced than in tlie Cambrian, '.fhe former type, 
both of rocks and organism.s, was the general one, and spread over .such 
di.stant areas as Asia, North and South America, and Australia; the latter 
type was more local, being coiifmed to sr.)uthern .Europe. .Iti the Irkutsk, 
region of northern Asia the Ordovician rock.s are developed as red beds 
of continental type, which are associated with deposits of rock salt. 

Volcanic Activity.— Over certain tracts of the Euro|ie;ui area there 
was prolonged volcanic activit)^ at two di.stinct [icriods. Ma.ssivc flows of 
lava and thick beds of volcanic ash occur among the normal scclimcnt.s, 
hence eruptions must have occurred on the land as well a.s under the .sea. 
The volcanic materials, being hard and resisting, exercised a profound 
influence upon the scenery of the regions occupied lij" those rocks when 
at a much later stage they were uplifted to form chy land ; iiulcecl tlieir 
influence ha.s not yet ceased to make itself i'elt, for the rugged character of 
much of the ivestcrn part of the British Isles, csfiecially of North Wales 
and the Lake District, is directly traceable to them. The h?ird lavas and 
compacted ashes lying among the softer sediments resist denudation and 
.stand up as ridges and peaks, while the surrounding strata are carved out 
■/Into valleys and hollows. - 

The close of the Ordovician period was marked by relatively coarser 
.sediments, indicating- a progi-essive shallowing of the sea over juirts of 
northern Europe and North America; it may be regai-cled a.s a minor 
di.sturbance in the Lower Palmozoic marine period. In Nortli America 
the Ordovician rocks were uplifted above sea level over considerable area.s, 
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and occasionall}'^ slightly folded and exposed to denudation. The eleva- 
tion was followed everywhere by a depression at the beginning of the 
succeeding Silurian period, whereby the uplifted and denuded rocks were 
once more covered by sediment. In Britain the movement was chiefly 
confined to the borders between England and Wales, and its chief im- 
portance lies in the fact that it was prophetic of the more exteusive clis- 
turbance affecting these and wider regions at the close of the Silurian. 

Silurian.— The Silurian deposits show in a somewhat marked degree 
the difference between shore or shallow-water conditions and open-sea 
conditions, which are represented by two different types of sediments. 
The first type consists of relatively coarse sandstones, and conglomerates, 
\vith limestones derived almost exclusively from the remains of reef- 
building corals, and therefore necessarily formed in shallow' w'ater, as 
these organisms cannot thrive at a depth. In the second type black shales 
predominate; the carbonaceous matter to which they owe their colour 
was probably derived from the organisms called graptolites, which 
flourished in the surface waters of the deeper parts of the ocean, , and 
whose remains after their death showered down to the sea-floor in count- 
less profusion. The deep-water- conditions were, however, somewhat more 
restricted than in the Ordovician, and there is an evident preparation, which 
becomes more and more marked in the later stages, for the approach of 
continental conditions once more. 

Earth Movements and Mountain-building. — In the European 
region important earth movements, accompanied bj' the formation of 
mountain chains, brought the Silurian period to a close. The strata, 
especially of Scandinavia and North Britain, were thrown into ridges 
and troughs having a general north-easterly and south-w'esterly direction. 
The movements are of interest on account of their influence on the 
deposits formed during the preceding and succeeding jieriods. The soft 
sediments deposited during the great Lower Palfeoxoic marine phase 
were consolidated and hardened, while intense pre.ssure, such as gene- 
ralh'- accompanies mountain -building, had the effect of rearranging the 
particles of the rocks, so that they set with their greatest length parallel 
to the direction of the pressure. 

GleavaGE.— When a rearrangement of this kind takes place through- 
out a ma.s,s of rock, it shows a tendency to split in that direction more 
readily than along the bedding-planes. These new planes of division 
are known as CLEAVAGE-PLANES, and are usually quite independent of, 
and transverse to, the bedding-planes. The amount of cleavage depend.s 
on the intensity of the pressure and on the grain of the rock ; in shale or 
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m\d it vcachcs lK'.rfed:i(jn if the pressure is sufficievitly i^reat. Split- 
ting can then only 1 )l! iiirJucocl along the cleavagc-pliiucs, for the Ix'tlciing- 
planos arc n.siially ol)litcrate<l, and cannot be (hdected unless there 
happened t(j he thin beds of a different grain or of different colour in the 
original sediments. 

Sr.ATltS, — When a nadv is well-cleaved and of suitalde grain, it can be 
split into the large, thin slab.s knoM'n a.s SI,ATl?.S, which arc used mainly 
for isjofiiiLh d'hc quality of the .slates depends upon the perfection of the 
cleavage and on the power of the rock to witli-stand the atmospheric 
agencies without cracking or decomposing. Coarser -graincfl varieties, 
which can be split only into relatively thick slabs, are kmnvn as flags, 
and are used for flooring and other purposes. It is probable that much 
of the cleavage which has affected the Palasjzoic rocks of north-we.st 
Europe was developed by the folding movemcnt.s at the end of the 
Silurian period. 

North American Stiajrian. — There is no evidence that mountain- 
building occurred at this date in North America, but the succeeding 
deposit.? indicate that important changes in the relation of land and sea 
had taken place. The marine area suffered great restriction during the 
Silurian period, and much new land aiipeavecl over the North American 
area. The elevation was accompanied by the formation of extensive 
lagoons or inland lakes, where the connection with tlie scsi was partly or 
entirely cut off, and where evaporation proceeded at n great rate. 

The water then became .successively more saline by the concentration 
of the mineral salts which were held in solution in the sea water, and 
of tho,se carried in by such streams as flrtwed into the lagoons. Ulti- 
mately these were deposited, with the formation of e.xten.sivc bed.s of rock 
.salt and gypsum (both of which are present in sea wiitcr), which alter- 
nate with thiclc layers of red shale and limestone (probably a chemical 
precipitate), pointing either to incursions of salt water at intervals, or to 
the .supply of fresh water carrying sediment from the land being greater 
than evaporation could remove. The deposits of rock .salt in the Silurian 
tracts of North America are of considerable economic value at the 
.present day. 
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CHAPTER VII 

SECOND CONTINENTAL PERIOD AND MARINE 
PHASE— DEVONIAN AND Cz\RBONIFEROUS 

Devonian Period. — This period is interesting from the evidence it 
affords of the peculiar conditions under which the deposits were formed. 
As already mentioned, the Scandinavian and north Briti.sh regions were 
theatre.s of mountain-building at the close of the Silurian period; but 
during that time the south of Britain was for the most part under the sea, 
and receiving the sediment washed down from the new-formed mountains 
in the north. As the tops of the anticlines became exposed to denuda- 
tion, the sediments were swept off into, the intervening hollows, which in 
some cases were probably without free connection with the ocean. In 
those hollows deposits of a peculiar character were formed, consisting 
mainly of soft bright-red muds, usually called marls; these are associated 
with coarse conglomerates which represent the gravels washed down by 
torrential waters from the bordering land. 

Area.? of Deposit. — The prevailing red colour of the great mass of 
the deposit points to its formation in isolated areas where evaporation was 
comparatively rapid. In the northern region they were laid down on the 
upturned and planed-off edges of the older rocks; but towards the south, 
where the influence of the movements failed to penetrate, the}'' probably 
succeeded the Silurian without any gap (though this is not quite certain 
in South Britain). There the deposits are marine in character, consisting 
of shales and muds, with important masses of shelly and coral limestone, 
but there is also an important development of red muds, pointing to 
abnormal conditions during their formation. 

The BRACKISH-WATER or FRESH- WATER TYPE is confined to certain 
parts of Britain, Scandinavia, and North America, where the deposits are 
relatively coarser (see plate); they are finer grained towards the south, 
and masses of limestone become more frequent, increasing in importance 
towards southern and central Europe. The red muds and coarser sedi- 
ments believed to have been formed under brackish-water conditions are 
known collectively as the Old Rkd SANDSTONE rock-s, while the name 
Devonian is commonly restricted to the more normal marine type.s. It 
i.s interesting as another example of the close connection of the geological 
histoiy of North America with north-west Europe that the two types are 
found there, and the deposits on the whole bear a striking resemblance in 
the; two areas. A 
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The MARINF, SFDTMENTS are extremely widespread, being- well de- 
veloped in Asia and north-west India, and probably over a large area 
in Africa; also they attain great importance in South America, Australia, 
and New Zealand. Two distinct provinces can be recognized, but it 
is not known from what causes the difference between them arose. The- 
northern inclucle.s the greater part of Asia, Europe, and North America; 
the southern one comprises South Africa, South America, and the southern 
part of North America, po.ssibly also New Zealand and Australia. From 
that time, therefore, dates that close connection between the history of 
the great southern continents which became so marked in later times. 

Towards the middle of the Devonian period there was a great extension 
of the sea over the land, and consequently those rocks have a wider distri- 
bution than the Lower Devonian, and frequently rest on various older 
rocks which formed the land in the earlier stages. Continental conditions 
still per.sistcd in parts of Europe and North America, and in the former 
region there was renewed movement. It i,s probable that before the end 
of the Devonian the continents had been reduced by denudation to the 
condition of peneplains, and the supply of .sediment was therefore limited ; 
the early Devonian rocks were to a certain extent derived from the de- 
nudation of the Post-Silurian land, but in the later stage.s that also had 
been greatly lowered in height, partly by denudation and deposition and 
partly by gradual subsidence. Accordingly the higher Devonian rocks 
are finer -grained, and contain a large proportion of organic limestone 
: formed An. clear waters. 

Volcanic Activity. — The region affected by the Post-Silurian move- 
ments was one of considerable volcanic activity during the Devonian 
period. Great thicknesses of lava and ash from submarine and terrestrial 
volcanoe,s became mingled with the sediments, and large masses of molten 
rock were intruded from below into these and earlier-formed strata, Tire 
volcanic materials exercise a profound influence at the present cUiy upon 
the scenery of the regions where they occur. 

liCONOMic Products. — From the economic point of view the 
Devonian rocks are of great importance. In Europe they carry valuable 
mineral veins from which lead, zinc, tin, silver, and other metals are 
obtained. In America they form the .most important reservoirs of oil and 
g;as, and occasionally phosphates — of commercial importance a.s manure — 
are found in them in great abundance. 

Transition to Carboniferous.— -The transition from the marine 
Devonian to the succeeding Carboniferous period seems to have been a 
gradual event all over the world, while by slow subsidence the Old Ked 
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Sandstone continental and brackish-water conditions gave way to the 
extensive though shallow-water seas in which the early Carboniferous 
sediments were deposited. 

Carboniferous Period. — This period has exercised a more profound 
influence upon the development of the human race than probabl)^ any 
other. Reasons have been given for supposing that from a geological 
point of view this period was unique. As we have already seen, certain 
areas in the Northern Hemisphere had remained above the sea throughout 
a very long interval, and no movements of great importance had occurred 
beyond a gradual elevation and subsidence, whereby the sea was rendered 
.shallower or deeper and the extent of the land area increased or diminished. 

Denudation must therefore have reduced the greater part of the land 
to the condition of a peneplain, whei'e the streams could do no more 
work in transporting sediment, and the only agents in operation were 
slow solution and wear along the sea margins. It is true that at the 
end of Silurian times mountain-building occurred over a relatively limited 
region in northern Europe, but the rapid denudation which seems to 
have been characteristic of that region during the succeeding Devonian 
period had the result of levelling off the mountain ridges and filling up 
the hollows with sediment. Hence it is probable that at the beginning 
of the Carboniferous period extensive regions had been reduced to a low 
elevation above sea level, whei-eby a subsidence of small amount would 
cause a large area of land to be submerged. 

Marine Phase, — In the Northern Hemisphere the subsidence began 
towards the close of the Devonian period, and the first CarboniferoiKS 
deposits were laid clown in a shallow sea. In more southerly areas there 
seems to have been but little change from one period to the other. The 
shallow-water phase was followed everywhere by open-sea conditions, but 
the depth was probably nowhere very great. On account of the low level 
of the bordering land area the supply of sediment brought down by the 
streams was limited, and hence there resulted clear water in which certain 
organisms such as corals and crinoids were able to live and thrive. This 
was a phase when the deposits were mainly composed of the remains of 
calcareous organisms ; on hardening and compacting, they became massive 
beds of limestone, practically free from land detritus. 

Tran.SITION Phase. — ‘This phase was followed over a widespread area 
by a curious change of conditions when an entirely different set of strata 
was formed. Gakareous sediments gave way to deposits of well-rounded 
pebbles of vein quartz, free from calcareous matter; in other areas, pre- 
sumably at greater depths or. at a greater distance from a shore line, the 
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pebble beds were replaced by a ^reat thickness of black muds. It i.s nut 
quite clear how this change wa.s brought about. There is no evidence 
of violent earth movements to account for it, and such small disturbances 
as occurred at intervals do not .seem adequate to have produced such an 
abrupt and important change. 

However it occurred it .seems certain that a land area was then under 
the influence of vigorous denudation. ITom the nature of the sediments 
derived from it, it is inferred that this area was composed mainly of 
shale traversed by veins of quartz-“spar” along cracks, joints, and faults. 
Destruction of such an area would yield just the right materials, and as 
the beds of black shale which in one district appear to represent the 
pebble beds of another are relatively very thick, it is probable that the 
proportion of “spar” veins to the total amount of material removed was 
comparatively small. The perfect rounding of the pebbles sugge,sts that 
the .source was a considerable distance away. 

Sw.-tMl’ Formation. — Deposition of such .strata continued until 
■enormous areas had been to a large extent silted up and reduced to tlie 
condition of a swamp, with lagoon-like expan.ses, into which decaiyed 
vegetable matter and mechanical sediments were carried. On this swamp 
and on the borders of the surrounding land a rich vegetation throve, the 
decay of whicli gave rise to vast beds of carbonaceous matter mixed with 
a certain amount of fine sediment. Such were, in a general way, the con- 
ditions under which originated the beds of coal which make the period so 
important in its influence upon modern conditions. 

Formation of Coal Skams.— As to .the preci.se manner in which 
individual coal beds were formed there is still much difference of opinion. 
Some maintain that the vegetable matter of a seam or vein of coal grew 
and decayed on the spot, and in .support of this it Is pointed out that 
underneath each seam there is a layer, usually of about the same thick- 
ness as the coal itself, of fine clay, This undercl.w, as it is called, 
differs from the bulk of the sediment in containing very little soluble 
salts of potash and soda, for the reason, it is stated, that these materials 
were removed from the soil by tire plants which, were rooted in it. It is 
therefore regarded as the actual soil on which the Coal-measure A-egeta- 
tion grew. The absence of the above salts makes the clay extremely 
difficult to fuse, a property which renders it of great commercial impor- 
tfince for the manufacture of fire bricks used in lining the inside-s of 
furnaces and for other purposes of, a. similar kind. The “ growth-in-placc ’’ 
theory is also supported by the fact that the fireclay is traversed by 
innumerable rootlets, and occasionally a Coal-measure tree has been dis- 
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covei-ed standing vertically in the clay in the position of growth, and 
passing up into the overlying seam. 

It must be remembered, however, that although fireclay is very com- 
monly found underneath coal beds, it is not universal, and in many cases 
the latter can be proved to be made up of vegetable matter drifted from 
a neighbouring land area, being made up of chips and fragments of woody 
material which had been collected together, somewhat as corks and other 
floating refuse are gathered into little heaps and left along high-tide marks 
around our coasts. In other cases the coals contain broken fragments of 
fish remains, which had obviously been swept together by currents. Both 
conditions seem to have been adequate for the accumulation of a huge mass 
of vegetable matter, which was subsequently protected from complete decay 
either by being covered with water or by sediment of a different kind. 

The thickness of a seam inay vary from a fraction , of an inch to 
several feet, while exceptionally, as in the case of the Xaveri seam in 
Upper Silesia, it may reach as much as 17 yd. Most of the worked 
seams range between 6 ft. and i ft., those of less thickness being usually 
unworkable. In any given coalfield tiie proportion which the aggregate 
thickness of coal beds bears to the total thickness of other sediments, 
usually known as “ measures ”, is small, (probably less than one part in 
thirty as a rule), so that the conditions for the formtition of coal alter- 
nated with other conditions when ordinary deposits of muds and .sands 
were laid down, In certain districts these .sometimes contain fossil shells, 
which are generally regarded as having belonged to animals which in- 
habited fresh water; fish remains are also occasionally found, but in other 
districts the measures contain bands rich in i-emains of marine organisms 
in addition to the freshwater types. 

It would appear, therefore, that although the majority of coal measures 
and coals were deposited or grew in fresh rvater, there were in some areas 
occasional incursions of the .sea, carrying with it its own organism.s. The 
fact that coal seams alternate with measures a large number of times in 
a given coalfield shows clearl)' that the area must have been undergoing 
slight oscillations, now rising slowly, now sinking gradually, and at other 
times remaining stationary for long intervals. As, however, the measures 
from top to bottom seem to have been laid down under much the same 
.shallow-water conditions, it is probable that on an average the area was 
slowly sinking, and that the silting-up with sediment just kept pace with 
ihe' ''Subsidence. 

Formation of Coal. — We have next to consider the changes which 
the accumulated soft vegetable matter underwent before it became true 
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coal. The first change was a partial decay under the inilueiice of atnios- 
pheric and dissolved oxygen, resulting in a loss of \vater rind cai'bon 
dioxide. the beds became buried under later sediments tlie suiiply of 
oxygen was cut off, but chemical changes still went on in the tissues, so 
that an enrichment of the carbon relative to the Iiydrogen and the oxj'gcu 
took place. Such changes would be facilitated by tlie pressure of the 
oi'crlying sediments, which, however, could offer but little check to the 
escape of the gases from the decaying vegetation. Thints are made up 
of chemical compounds containing the elements carbon, hydrogen, and 
oxygen in varying proportions, as well as small quantities of nitrogen 
and sulphur. Small amounts of mineral substances are also alu'ays present. 
Decomposition and subsequent change sets free waiter and \ arious gases — 
chiefly marsh gas (CH4) and carbon dioxide (COj). 

ClIARACTKKS OK COAL. — Coal as wc find it is a hard, brittle, black, 
shining substance, composed chiefly of the above elements, as well as some 
mineral matter which remains as ash when the coal is burnt. It differs 
essentially from unchanged vegetable matter in the much higher pro- 
portion which the carbon bears to the hydrogen. This proportion varies 
indeed in different coals, and is of importance in determining the uses 
to which the coal can be applied. 

Kinds ok Coal. — Three kinds are usually distinguished; (i) .soft 
coal, house coal, or bituminous coal, in which the proportion of C to H is 
relatively small; (2) steam coal, with a higher proportion; and (3) hard 
coal, or anthracite, with the highest proportion of all; in fact, the purest 
kinds of anthracite contain little else than carbon. The difference between 
various kinds of coal, peat, and ordinary v'oocl may be seen from tlic 
follow'ing tabic of analyses, taken from Chamberlin and Salisbury’s 
Vul. 11 , p. 570, where, however', the proportion of carbon to hydrogen is 
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Effects of PRESSUKE. — In addition to ordinary chaiiges due to 
decomposition, the coal beds have in most cases been subjected to great 
pressures by the accumulation of an enormous tliickness of sediment above 
them; some again have been carried down to considerable depths in the 
earth’s crust by slow subsidence, and have thus been brought under the 
influence of higher temperatures than are found at the surface; while, 
as will be seen in the sequel, many of the areas where coal was formed 
have been visited b)'- violent earth movements, whereby the seams, as well 
as the measures enclosing them, have been folded, twisted, and broken. 
All these accidents have contributed to bring about the conversion of the 
soft vegetable matter into the condition of hard, bright coal. 

USE.S OF Coal. — ^The bituminous varieties are used maiiil}' for the 
manufacture of gas and coke, and for household purposes. From the 
industrial point of view they are the most important of all, as from their 
distillation for the manufacture of gas is obtained the crude product known 
as coal tar, from which innumerable organic compounds arc prepared, 
many of them of the first importance in certain industries. The use of 
soft coal for household purposes is attended with a serious di.sadvantage 
from the difficulty of completel)' burning it; the incompletely burnt 
material escapes into the air as smoke, and gives rise in large towns to 
serious visitations of fog. For this rea.son also it cannot well be applied 
to the same .special purpose as the second kind — steam coal. This burn.s 
with a clear flame, and gives off but little smoke, while its heating power 
is very high; these two qualities render it especiallj'- suitable for con- 
sumption in warships, and, indeed, this Icincl is used by ncarlj'' all the 
navies of the world. . ^ 

Anthracite burns with an intense red glow and with very little flame. 
It is, however, difficult to light, and is generally more troublesome, as 
the use of anthracite for household purpo.ses u.suall}- requires the c<jn- 
struction of special stoves; but there is no doubt that if its use became 
general a great deal of the inconvenience cau.sed by the smoke and dust 
of large towns would be avoided. Fresh means are continually being 
devised for utilizing it, and it is possible that in the immediate future 
it will to a large extent replace other kinds, not onl}^ for houseliold 
purposes, but also for the generation of power. An ingenious attempt 
has already been made in the latter direction. Steam and air arc pas.sed 
o\'cr a glowing anthracite fire, whereby chemical change sets in with 
tlie formation of hydrogen and carbon monoxide. I'hcse gase.s arc 
then mixed with air, and led into a combustion chamber similar to that 
of an ordinary gas or oil engine, where they are exploded in the usual way. 
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Various processes are now in use for compressing what is Icnuwn ns 
“small cnal” into briquettes, which arc used for huiisoliold purposes, liut 
the industry is better patronized on the Continent than in Bribiin. 

DiKTn.lP,UTION OF CoAj.. — Altlu.iugh conditi(,ins favouniblc to the 
accumulation of coal prevailed over enormous areas duriitp; the later 
part of the Carboniferous period they were by no mcaits universal, 'fhere 
were other regions much greater in extent where snariin; conditions 
Ijrcdominated and calcareous deposits were laid down, while such coal 
seams as \vere developed in those area.s belong to an earlier stage. The 
coal - forming phase (see plate) extended across northern and central 
Europe, and reappeared in the eastern parts of North America, emphasiz- 
ing once more the e.ssential unity of the history of these tw<3 portions of 
the earth’s surface now separated by the wide Atlantic basin. In these 
regions the sequence of events was everywhere the same — an initial 
shallow-water stage, followed by a marine stage, which gave way to the 
peculiar final shallow-water stage when tlic coal seams were formed. In 
the other region the formation of coal attended the initial shallow-water 
stage, which was followed by gradual .subsidence and the development of 
marine deposits nearly free from terrestrial vegetable matter. This marine 
phase prevailed over a great i)art of Russia and other areas of southern 
and eastern Asia on the one hand, and over North America, west of the 
Mississippi, including the Rocky Mountains, on the other. Limestones 
of this stage have been olxscrved also on certain islamls in the Malay 
Archipelago, and in Spitzbergen, Nova Zembla, and otlier.s within the 
. Arctic Circle. 

Another region, which may be distinguished as the Mediterranean 
Region, shared both conditions, and the sediments are consequently of 
mixed character, resembling those of central Europe on the one hand 
and tho.se of Rus.sia on the other. It comprises the Carboniferous deposits 
of Spain, the south of France, and the Alps, and probably those of the 
Balkans, while those of North Africa may probably be included in the 
;.,same region.' , ■■ ■■■ 

Calcareous and coal-bearing strata somewhat similar to those of 
central Europe are known from certain parts of South America, 
/Australia, and Tasmania, showing how extraordinarily widespread was 
this peculiar pliasc of de[x>sition. 

Climatic Conditions during the Carboniferous PERion.—It 
is the general opinion that in the Northern Hemisphere the climate during 
the period was warmer than the present; the Lower Carboniferou.s seas 
show abundant evidence that corals and other organisms which now 
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inhabit warmer regions lived freely in them; unless, therefore, these 
organisms have altered in their habits the above conclusion is justified. On 
the other hand, there is evidence that at this period or slightly later wide 
areas in the Southern Hemisphere were under the influence of glacial con- 
ditions, and therefore cooler than they are at the present day; but whether 
the average tcmperatui-e over the globe, was higher or lower than at present 
cannot as yet be discovered. The great development of plant life during 
the formation of the Coal Measures points to a mild, moist climate of 
medium temperature, if one can argue from analogy with the pre.sent 
day; for too low a temperature would check plant life, while too high a 
temperature would cause such rapid decay that the preservation of tlie 
large quantities of vegetable matter necessary to form the beds of coal 
would be almost iinpossible. The character of the vegetation fairly 
justifies the conclusion that the atmosphere, at any rate in those regions 
where coal was forming, was a moist one. It is difficult to imagine 
that kind of vegetation flourishing to so great an extent under any 
other conditions. 


CHAPTER VIII 

THIRD CONTINENTAL PERIOD— PERMIAN 
AND TRIAS 

Towards the close of the Carboniferous period there was a general rise 
of the land in the Northern Hemisphere, which culminated in very power- 
ful earth movements. Ranges of mountains came into existence where 
previoiusly there had been sea since very early times, and the whole 
aspect of that part of the earth’s surface underwent a radical change. 
The more important features of the movement and it.s influence on the 
.succeeding deposits will be treated of below. 

Mountain-building. — In the Northern Hemisphere these deposits 
show evidence of having been accumulated under peculiar conditions, 
which were more or less directly connected with the earth movements, 
but in more southern latitudes, where the di.sturbances were not felt, the 
sea maintained its sway throughout, and sediments of ordinaiy marine 
types were laid clown. The elevation which commenced at the close 
of Carboniferous times reached its greatest intensity in the Northern 
Hemisphere, more especially in Europe and western Asia, where it gave 
rise to two sets of mountain ranges trending almost at right angles. The 
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central Asiatic region appears also to have suffered elevation and folding at 
about this time. In luirope the rao.st important .set had a general erust- 
aiul-v'e.st direction, and wa.s produced by inlen.se folding and .scpieezini^ of 
the rock.s, accompanied by powerful fractures. The individual folds wc.-re of 
the umsyniinetricrd type, the .steep limb or septurn beiut;- fre(|iu;ntly vertical 
or even overturned (overfokls), and always facing away from the ('cntre 
of the range — a .sure indication that the forces which elevated tin; moun- 
tains acted outwards from the centre as well a.s upwards. The violent 
pressures often developed the structure known as slaty cleavagje in the 
softer rocks, whereby the original .stratification became almost obliterated 
and replaced by the cleavage-planes. 

Some volcanic activity accompanied or followed the movement, the 
material in many cases reaching the surface in the form of flows of lava 
or .showei'cS of aishes, but more frequently large nias.ses of molten rock 
were forced into the strata at a depth, setting up great changes in the 
rocks in their ncighbcnirhood, and often giving rise to valuable mineral 
deposits. During and after the uplift of the mountain.s, denudation was 
acti^^ely at work in let^elling them off, and in the course of a long period 
of time the liigh ranges of mountain.s were Avorn down to an undulating 
surface not far abirve the level of the sea, thins exposing to view the 
rocks that were at one time hidden at great depths, and enabling one 
iit the present day to glean .some idea of what took place in the heart 
of the mountains during that far-off period. 

A brief account of the course of this important post-tkarlsoniferous 
elevation may be of interest (see plate). The nortliern margin of the 
folded mountain chains extended from the south of Irelantl tlrrough the 
coalfield of South \\’ales, and thence crossing the 15ri.stol coalfield passed 
to the north of the Mendips. Its liirther course in the south of England 
cannot be followed at the .surface, as the old mountains have there loeeii 
buried under later sediments, but indirect evidence of its existence under- 
neath has been obtained, and its position can be determined approximately. 

This is confirmed when the region beyond the Channel i.s examined. 

: The . Belgian moalfields ; have been affected by intense movements of a 
type similar to those, in the south of England and Ireland, but the 
rocks have been folded and shattered to a much greater extent. The 
northern limit can be followed in a direction a little south of east from 
. Calais to Valenciennes; the range then turns slightly northivards aloiig 
the border of the Ardennes, past Namur and Li^ige, towards the Dilsscldorf 
coalfield; beyond this it disappears under the recent dcpo.sits of the 
north German plain. Leaving the margin of the chain and proceeding 
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towards its interior, increased folding and faulting of the strata become 
apparent, affording some indication of the more complex conditions in 
the heart of tlie mountains. 

Nowhere can this be seen more clearly than in the west of England, 
where, in passing from the South Wales or Bri.stol coalfields towards 
Devonsliire, the rocks become increasingly more contorted and shattered, 
while older beds appear at the surface which were once buried under 
a great thickness of rocks. The folds are unsymmetrical and usually 
inverted, while the faults are overthrusts along which older strata have 
been pushed over from the south on to younger strata on the north. 
In Devon and Cornwall the first igneous rocks are met with in the great 
granite masses of Dartmoor, Bodmin, and others; at some late period 
of the movement these were forced in a molten state among the deeply- 
buried rocks, and have been brought to view by the subsequent removal 
by denudation of the enormous cover of overlying strata. 

Thermal Metamorphism. — Close to the margin of the granite the 
physical characters of the sediments have been entirely changed by the 
intense heat of the molten masses forced among them, and it is some- 
times extremely difficult to determine their original state. What were 
previously soft muds, shales, or limestones have been thoroughly recrys- 
tallized, and a host of new minerals have arisen by a chemical recom- 
bination of the elements of the rocks under the influence of the prolonged 
and intense heating. In addition to this, minerals of great commercial 
importance at the present day owe their origin to the same series of 
events. The intensely heated vapours driven out from the molten masses 
passed up through the strata, and escaped along fissures which were 
formed in great abundance in and around the granite areas; those gases 
brought up in one form or other the elements of the tin and copper 
minerals, which were ultimately deposited on the walls of the fissures, 
where they crystallized. It is probable that much of the vapours reached 
the surface and escaped into the air, as is observed frequently in modern 
volcanic region.s. The minerals which were formed in this way deep in 
the earth have been laid bare by the same denuding forces as expo.sed 
the consolidated granite masses, and now form one of the most important 
sources of tin and copper in the world. 

To the south of the rich mining disti'icts of Devon and Cornwall, 
which lie principally in the Devonian and perhaps the Silurian rocks, older 
strata form the surface, which have' been pushed up from the south along 
important overthrust faults, while still farther south are the old crystalline 
gneisses and schi,sts, probably of pre-Cambrian age, fringing the coast and 
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appearing again in some of tho neighbouring' islnnds — on one of which the 
Eddy-sfune lightlicjiuic has been built. 'These old crystalline rocks of (.hni- 
wall care only the; fi )rerunner.s of the much larger ma.s.ses of i;heui vvliich 
appe;ar across the Ehanncl itl Brittany, where the e;enlre of the chain 
probably lay; the site of the present Kngli.sh tihannel was at that period 
occupied by mountains. 

Brittany is floored by large areas of pre-Eambriaii rocks, among which 
appear nananv belts of Cambrian and Silurian strata, which are increly 
the ends of deep troughs of the sedimentary serit;s iiinchcal in among 
the cry,stalline masses, x^bout the middle of the Bay of Bisca_v the 
southern visible limit of the chain is reached; the region to the south is 
covered over with j’ounger sediments, and no evidence has been obtained 
of the continuation of the uplift in that direction. 'This iminciise range, of 
which only the wtrrn-down stumps are now visible, mu.st therefore have 
extended nearly 400 miles from north to south. The southern tonninatiun 
can be traced in a south-easterly direction from the Bay of Biscaj' akmg 
the north of the Gironde valley to the upland region of the Auvergne, 
where it takes an abrupt turn to the north-east, and ranges almost parallel 
to the northern margin of the Alps as fai- as Bohemia, beytmd which it 
becomes concealed again under later sediments. It docs not appear to 
have crossed the plains of Poland and Russia, as wherever tin; Palmozoic 
rocks are exposed in that direction they lie undisturbed and nearly 
horizontal. 

The chain presents the same characteri.stics at whatever pfirt it is 
crossed. Coalfields or Carboniferous rocks arc found nearly everywhere 
along its northern margin, and the coal scams and the strata which include 
them are highly disturbed all the way from Englaml to the Rhine; in the 
Belgian coalfields the same bed of coal which had been twisted into a zig- 
zag fold was pierced three times in a single vertical shaft. Everywhere 
tire Carboniferous rocks arc followed trjwarcls the interior by Devonian 
rocks, likewise intensely disturbed, and not infrequently thrust bodily 
over the younger strata— for in the Pas cle Calais the Cofil Measures were 
worked underneath the Devonian rocks. 

The latter strata form the greater part of Devon and Cornwall, the 
Ardennes, and the Eifel, while still nearer the centre of the drain are the 
older sedimentary series alternating, with crystalline and volcanic irrclis; 
these are now much broken up both , by denudation and bj' tire extensive 
.subsidence along normal faults v^'hich followed the folding movement; so 
that only the stumps remain of the once-continuous mountain core. The 
hard nature of the rocks of which these stumps are composed ha.s enabled 
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them to resist the ravages of denudation better than the strata by wliich 
they are surrounded, and they stand up in the picturesque hills and moun- 
tains of the Harz, Thuringer Wald, the Odenvvald, Schwarzvvald, and 
Vosges on the Upper Rhine; they also cover large areas of Bohemia in 
the east and the Central Plateau of France in, the west. These isolated 
inasse.s of Palaeozoic and pre-Cambrian rocks projecting out of younger 
sediments form, as it were, the skeleton from which the old post-Carbon- 
iferous mountains can be reconstructed in imagination. 

On the east of the vast plains of Russia are the Ural Mountains, a 
narrow chain pursuing an almost nbrth-and-south direction, which wa.s also 
elevated at the close of the Carboniferous period. This, as will be remem- 
bered, is the dominant direction of the other mountain ranges of that 
period, which are represented in England by the Pennine Chain and the 
Malvern range. The smaller Timan range, lying to the west of the Urals, 
is a parallel chain of the same age. The Urals, however, are more com- 
parable in the overthnusting and overfolding along their western margin 
with the east-and-west type than with the Pennine chain, where these 
structures are absent or only feebly developed; they indicate that the 
range has been pushed from the east towards the Russian plain. The 
former extent of the range has been greatly reduced by subsequent denuda- 
tion and by a covering of later sediments. The central Asiatic uplift was 
somewhat in the form of a horseshoe suiTOunding the higher regions oi 
the present Lena and Yenissei rivers; the chain was everywhere pushed 
towards the interior of the horseshoe. It is probable that a small range 
occupied the region of north-west Spain at this period, but whether it 
formed a part of the larger elevation cannot be discovered, as, if a connec- 
tion existed, the evidence of it is hidden under the waters of the Atlantic. 

The movement was not confined to Eurasia, for in North America there 
is evidence of an important mountain-building movement at the close of 
the Carboniferous period. The regions chiefly affected had been more or 
less submerged since the first continental period, and a great thickness 
of sediments had therefore accumulated. These were elevated into two 
mountain chains; the first ranges in a direction from north-east to south- 
west; the strata were highly folded and faulted by forces acting towards 
the interior of the present continent. The western margin of the chain 
extended from the north of Nova Scotia parallel to the St, L-awrence, 
and along the western side of the Appalachians and the Alleghanies. The 
rocks to the east of the St. Lawrence are highly folded, while those on 
the west are undistm-bed. The continuation of the chain to the south is 
concealed under younger strata, while on the north it run.s under the sea 


GEOLOGY 


ibo 

of Greenland. It:s former extension to the east is likewise concealed by 
the ocean, but from the .striking parallelism of the present coast line with 
the direction of the folds there is little room for doubt that this feature 
was to a certain extent determined by the events at the end of ('.‘arbon- 
iferous times. The second uplift affected the Rocky Monntain.s, but these 
were uplifted also at a later stage. 

C:ON.SHQUENC[CS OF MOUNTAIN -BUILDING PHASE.— Having traced 
the main ]ine.s of this great moimtain-making movement, it will be neces- 
,sary to consider its more immediate consequences both in relation to 
previously existing .strata as well as to those which were formed later 
during the succeeding quiescent stage. One of the direct results was the 
hardening and stiffening of the Palteozoic rocks, which has enabled them 
better to resist the denuding forces of later times, for it is ftuind that ndiere 
those strata have been affected by tlie movement tho}' stand up at the 
present clay as prominent features on the earth’s surface, while in those 
regions, such as the borders of the Paltic, wliere the movement did not 
penetrate they still remain in a loose incoherent condition, and form 
monotonous country of low relief. It may be stated in general that the 
more rugged parts of the earth’s crust are those ndiich have been affected 
by violent earth movements subsequently to the formation of their rocks. 

The effects of the elevation on the Coal Measures are of great impor- 
tance from a commercial point of view. The continuous areas of coal- 
bearing strata were uplifted above the level of the sea and thrown into 
ridges and troughs; a large amount of coal must liave been swept off the 
ridges by the succeeding denudation, but the troughs were jjrotectcd from 
its influence. Had it not been for the elevation, however, the Coal Mea- 
sure.s would liave remained under water, and their rich st(.)re,s would hiu’c 
'been; withheld pdrhaps fbir qvcL 

Just as the eastern coast line of North America was predetennined at 
this stage, so were the main features of central Europe, whilu the present 
boundary between Europe and Asia which runs along the Ural range is 
dearly traceable to the same seides of events. It is probable also that the 
drainage sy.stem of central Europe owes not a little to the post-CarlDr.nif- 
erous uplift, for it is a striking fact that the principal water parting coin- 
cides in a general way with the centre of the great cliain; but the details 
of tliat drainage are the result of many subsequent accidents -wliich befell 
the. same region. If, as is likely, a drainage .s)^stem was originated in the 
west of England and Wales by the east-arid-west elevation, nearly all traces 
of it have been obliterated. 

, The connection between lines of -drainage and the north-and-.south 
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elevation is more obvious both in Europe and North America. The Ten- 
nine chain persists to this daj/ as the principal water partinsj of the north 
of England, though, as has been pointed out, there have been many changes 
in the courses of individual streams; again, in the Urals the tributaries of 
the Oby on the east, and those of the Ural, Volga, and Petdiora on the 
west, divide along the centre of the chain, while in North America the 
Alleghanies and Appalachians separate the coast drainage from that of 
the Mississippi feeders, but subsequent events in the latter region have 
modified the drainage; system considerably and thereby masl^ed it.s original 
simplicity. ■ 

New Reb Sand.STONE. — The deposits of the Third Continental 
Period are embraced within the Permian and Triassic systems, and are 
sometimes spoken of collectively as the New Red Sandstone to distinguish 
them from the red strata immediately preceding those of the Carboniferous 
period. 

Desert Conbitions. — The emergence of land from beneath the sea 
was not confined to the mountain country embraced by the folding move- 
ments but was a general incident, especially in the Northern I-Iemisphere. 
An exceedingly large area of new land was thereby created, which was 
traversed or bordered by high mountains. These circumstances would 
in themselves be eminently favourable for the setting up of desert condi- 
tions, but there is some evidence that in addition a fairly high temperatui'e 
prevailed, clue in part to the distribution of land and sea at the time, and 
probably to other conditions which are discussed below. 

Warm Climate. — As was pointed out by Lyell, a large mass of land 
in low latitudes (/.<?. approaching the Equator) ensures a warm climate, for 
the reason that a land ai'ea is rapidly heated and imparts some of its heat 
to the air in its neighbourhood, which rises and moves in the higher regions 
of the atmosphere towards the poles. Those areas serve tlierefore the 
purpose of a “hot-air apparatus” for the colder regions. On the other 
hand, water absorbs heat slowly, but also it parts with it tardily, so that the 
presence of a great body of water prevents extremes of heat and cold. 

Applying these considerations to the period in question there is evidence 
that the north polar region remained under the sea throughout, while the 
great land mass extended over the greater part of the Northern Hemisphere 
from moderate to low latitudes, and therefore without assuming that the 
general temperature of tlie earth was higher at that period than to-day the 
fairly warm and arid conditions necessary for the formation of de.sert.s 
"naight he expe^ 

Nature OF Deposits in Northwest Europe. — T he deposits 
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whicli bear tlic stamp of continental and desert conditions are fonncl 
extensively in central England, and are continued under younger strata 
to the centre of Germany, where tliey wrap round the remnants of the 
])Ost-C;arboniferous chain and rest on the upturned and eroded edges of 
the older rocks, showing that a long period of denudaliun had preceded 
their deposition (sec plate). Their mode of occurrence and ph\'.sical 
characters throw considerable light on their origin and on the conditions 
which prevailed during their formation. They consist, in the main, of 
bright red sands and clay.s commonly called marls, with, c.spccially in the 
earlier stages, frequent beds of well-rounded pebbles, aird irregular patches 
of breccias made up of angular fragments. The floor on which they 
were laid down was often highly uneven, for they arc not infrequent]}' 
found banked up against the older rocks in such a way as to suggest 
the e.xistence of cliffs projecting out of shallow water or the .surface of a 
■ desert. The breccias arc such as would be washed down from the high 
ground by torrential rains, while the pebbles imply transport by rivers for 
a considerable distance. The finer deposits are to a larger extent “ millet- 
seed ” sands, which are known to be characteristic of desert areas. 

The composition of the pebbles and the minerals associated with the 
. grains of sand suggest that in England they were derived from a southerly 
direction, where, a.s will be remembered, lay the post - Carboniferous 
mountain chains. In some districts, especially the Chaniwood T'orest 
of England, the pre-Cambrian rocks underlying tire red sands exhibit 
as typically wind -eroded and poli.shcd surfaces as any modern desert. 
But while many of the coarser deposits may have been formed on a 
land surface or carried off such u surface into the water area.s, the finer 
deposit.s were probably accumulated in inland sliects of water like the 
, modern Caspian Sea, or in constricted arms of the sea where evaporation 
was rapid. On some of the muds, sun cracks formed by drying when 
the water level was low, pittings produced by heavy rain, and the tracks 
of animals have been preserved, all of which afford a clear insight into 
the conditions under which such strata originated. These indications, as 
well as tlie prevailing red colour of the deposits, support the conclusions 
drawn, above as to the climatic conditions of the period. 

FOSSII..S. — Remains of animal life are scarce, but when, as occasionally 
hapiiens, beds of limestone or dolomite are found, they contain marine 
shells, which are usually stunted and, belong, to but few species, impl)dng 
that the organism.s were staiggling against advcr.se conditions, probably 
excessive salinity of the water. ' The' poverty of species suggests that 
many of the forms succumbpd, or^ where possible, migrated into other 
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areas where the conditions were more favourable. It is usually noticed 
that in Europe the limestone beds thicken southwards and eastwards, 
and remains of life become more abundant, showing an approach to the 
open-sea conditions which prevailed in that direction. 

EcONOiMic Products. — Of great importance commercially is the 
existence in the-se red rocks of thick deposits of inorganic salts, mainly 
chloridijs and sulphates of calcium, magnesium, potassium, and sodium, 
all of which occur in small quantities in sea water; the more insoluble 
.salts, as sulphate of calcium, are of. frequent occurrence in the New Red 
Sandstone rocks, but the 'soluble .salts are rarer. There is little doubt 
that these deposits were formed by the long-continued and more or less 
complete evaporation of an inland sea under the influence of a warm 
and dry climate, when the various salts crystallized out as the water 



became saturated. After deposition they were covered over by fresh 
muddy sediment brought down from the adjoining lapd, and were thus 
protected from subsequent solution by percolating waters. 

The famous salt deposits of Stassfurt, in Germany, which are inter- 
bedded in Permian strata, are known all the world over. The rock- 
salt bed is about 1200 ft. thick, and is followed by about 150 ft. of the 
more soluble potassium and magnesium salts known as Abraum salts 
(fig. 36). This enormously thick salt bed is believed to extend under a 
large area of central Germany, probably reaching as far as Berlin; in 
many cases its occurrence is only indicated at the surface by springs of 
'■■■'strong' brine. ' 

In Britain deposits of inorganic salts are also found, but in strata of 
later date (Upper Trias); only the less soluble products of sea abater, 
such as sulphate of calcium (gypsum) and cliloride of sodium (rock salt), 
occur. The absence of the more soluble constituents points to a less 
complete evaporation in those regions. In Cheshire, where most of the 
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rock-.sult deposits occur, the beds arc somctimcfi niincd uiiderprouiKl like 
coal, but more usually water is introduced, and the salt is ].mmpc;d up 
in the form of briiu,!. Around Nantwich and Stoke the,; removal ef the 
salt in solution has caused th(; subsidence of larpe tracts of the surface 
on which sheets of water collect, and it has been sn5^'<l'<-i^h;d tliat some of 
the; Cheshire lakes or meres are due to subsidence conisc(iuent upon the 
removal of .sf)lubk; .salts by poretdating imclertpvnind wali;rs. 

Conditions of a like nature prevailed in North America on the eastern 
slopes of the Alleghanies, and in the eastern and central parts of the 



37.— Section of Gltidiil Conglomeymo of Tnassic Age near Pricskfti South Africa (Schwarz) 


Rocky Mountains. The strata are there associated with I’ich coal beds, 
and aksQ with Gon,sklerabIe outpouring of ]ava.s. 

PERMO-CARUOlsPFIiROUS. ~ It has been observed that in the Car- 
boniferous period parts of Europe and North America offered different 
tyjses of deposits from those of the rest of the globe, a difference which 
was maintained in the succeeding period, for in eastern Europe, parts 
of Asia, India, Australia, and certain regions within the Arctic Circle, 
the marine Carboniferous sediments were followed without interruption 
by other strata mainly marine, which correspond to a time intermediate 
between tlje European Permian and Carboniferous, to which the term 
Permo-Carboniferous has been applied. The clepo.sits bridge ov(;r the 
gap between the two periods in central Europe, where marine sediments 
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: Ijfiiieath the Trinssio Glacial Conglomemtc near Prieska, Somh Africa. The 
rock suifacc shows giaciai striae (Schwnra) 


are ab-sent on account of the earth movements and continental conditions 
which prevailed there. 

Glacial Deposits. — One of the features of that period was the strik- 
• ing similarity of conditions throughout the Southern Hemisphere, which 
extended both to the marine and to the freshwater sediments. The most 
interesting deposits are those which show the undoubted existence of glacial 
conditions at some part of the Permo-Carboniferous period. In India, true 
boulder clays, containing typical scratched and smoothed boulders (Talchir 
Beds), lie at the base of the marine and freshwater series. Again, in 
South Africa, the Dwyka conglomerate is of precisely similar character 
and occupies a corresponding position (fig. 37). Further, it can be seen 
in many places to rest on a platform of rock which ha.s been thoroughly 
grooved and polished by the movement of ice over it (fig. 38). 

Similar conditions prevailed in southern Australia, where the glacial 
beds also lie at the base of the Permo-Carboniferous rocks; while boulder 
beds, probably formed in the same manner and at about the same period, 
have been discovered in the Argentine Republic and in the Falkland 
Islands. Thus, so far as any land exists at the present day in the .Southern 
Hemisphere, to allow one to form an opinion, it would seem that glacial 
conditions obtained over an extensive area. 

In northern India the boulder beds are followed by a marine serie.s 
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which pev.sisted far into the Secondary period; but over a ;,a-cat p;u-t of 
Asia, as well as South Africa, South Australia, and the Falkland Islaiuis, 
land conditions seem to have prevailed, since, as a rule, the boulder beds 
are followed by coal-boarinj^ strata carrying the remains of land plants, 

Pkrmo - CAl'!.r.(.)Nt]‘'KRf)US Fla NTS. •— A remarkable uniformity is 
observed Iretwccn the .Permo-Carbonifcrou.s plant life of the Southern 
I'lcmisphcre. In central India, Victoria (South Australia), .South ^Africa, 
and in some parts of South America, there has been found a peculiar flora 
known a.s the Giossoperh-^oxa., characterized by certain ferns, of which 
the above-named genus and its immediate allies are the mo.st important. 
The enormously wide distribution of these ferns over that hemisphere 
suggests the existence of an extensive and connected land area, on which 
they lived and were distributed. It is a rem.'irkable fact that tlic dcposit.s 
formed in those regions of central Asia visited by tlie jxwt-Ciarboniferous 
uplift resemble closely those of the Indian continent, and also contain the 
Glossopteris-^oxa,. As will be shown below, a considerabk.^ tract of sea 
.separated the two regions at that period, which might be expected to 
interfere .seriously with the distribution of the ferns. 

SOUTHKRN Land. — It has been .suggested by Pnjfessor Sues.s that the 
southern continents mentioned above, and probably also South America, 
were joined at that period to form one vast continental area, to which he 
has given the name Gondwana-Uind, after a pi-ovince of central India, lie 
supposes that the breaking up of the continent took place by gigantic 
fliulting, and that it was an event of comparatively recent date. \Miethcr 
such a sweeping generalization is justified by the amount of evidence 
hitherto obtained is open to doubt, but such an hypothe,sis certainly 
accounts for what is a remarkable fact, viz. the close similarity, not only 
during that period but in mucli later times, between what are now the 
continents of India, South Africa, South America, and Australia. 

It would be interesting' to know how much land existed around the 
South Polo, ;md whether there was any connection between that land 
and the more northern tracts. The South Polar regions at the present 
day seem to resemble geologically the Australian continent, and may 
at one time have been connected with it. According to L}'^ell, a large 
ma.ss of land in high latitudes, especial^ if it extended up to the pok;, 
would give rise to a cold climate over that hemi-sphere, and it is possible 
that the pha.se of extreme cold' which gave rise to a glacial period itr 
the Southern Hemi.sphere was due to some such geograjshical conditions, 
while the warm and arid climate over the Northern Hemisphere at the 
.same time was due to the opposite sfet of conditions. 
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Gi.,acial Theory of Chamberlin and Salisbury.— The American 
geologists Chamberlin and Salisbury liave lately developed a theory of 
glaciation which pertains not only to the period under consideration 
but to all otliers. It is based on the influence which the constituents of 
the atmosphere exert in protecting the surface of the earth from loss 
of heat by radiation into space. The greatest effect is assigned to the 
carbon dioxide and the water vapour, which are known to have con- 
siderable power of absorbing heat. If, therefore, from any cause these 
two constituents suffer serious diminution, a general fall of temperature 
of the earth’s surface must ensue. The localization of cold conditions 
is assigned, with some reserve, to special geographical and meteorological 
considerations. An attempt- will be made to outline their hypothesis as 
applied to the Permo-Carboniferous glacial period, The complete theory 
involves many subsidiary effects, and a full statement would occupy too 
much . space. 

The Carboniferous period was remarkable for the development of 
enormous masses of limestone which were of general distribution. Their 
formation made serious demands upon the carbon dioxide of the atmos- 
phere as well as upon that dissolved in the water. In addition, in the 
later .stages a luxuriant vegetation throve which made further inroads upon 
the supply of carbon dioxide. It is considered, therefore, that that con- 
stituent was almost removed from the atmosphere and from the water 
towards the close of the period. Great earth movements then followed; 
the ocean basins were deepened, and the average height of the land 
increased, especially along certain belts where the crumpling was most 
severe. 

Those changes had several consequences upon the constituents of the 
atmosphere. In the first place, the withdrawal of the water from the 
land into the ocean basins diminished the surface of evaporation, and, 
in consequence, the amount of water vapour in the air. There is evidence 
that this was the case in the arid conditions which prevailed generally. 
In the .second place, the greater surface of land exposed, and its increased 
altitude, favoured radiation of heat into space, especially as the lines of 
mountain ranges prevented the free circulation of the air in the lower 
regions of the atmosphere. The air was therefore forced to rise to great 
heights in the heated areas, and, after passing the barriers, descend into 
the cold region.s. This involved great loss of heat to the atmosphere 
by radiation into space. 

From those two causes a general lowering of temperature over the 
whole surface must have ensued. That, again, reacted on the amount 
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ijf cru-buii dioxidu in the atmosphere, for water can aijsorb iniicli nun-e 
at a low temperature than at a high. Any cause that bronpht about 
a General i'all of temperature would tlierefonj enable more ciirI)oii dioxide 
to be absorbed by the sea waters, to the loss of Ihc'; atmosplKui.;. A tliird 
consequence of the upheaval affected that constituent ilireilly. 'I'lie laud 
Ireforc the elevation must have heeu in the state of a peue),)lain over larqe 
areas, but the general raising of the surface above the sea-los-t;! ga\ i' new 
energy to the streams, and they piviceeded to deepen tludr chamu^ls, and 
incidentally removed a large amount of loose soil which liad accumulated 
on the peneplains. The carving out of river vallejcs and the remor-al of 
soil exposed large areas of fresh and unweathered roclcs to the atmo.s- 
phere. 

In the process of weathering, carbon dioxide. pla\'s a pn,)nuneut jtarl, 
entering into combination with various bases, such a;? lime, magno.sia, soda, 
potash, &c., forming compounds which are removed in .solution. Hence 
fresh inroads would be made upon the already scant)' suppl)' of that gas. 

These three effcct.s — viz. the direct lo.ss of heat by ra<lialion consequent 
on the general upheaval of the land surface, the [)re.sence of barriers to 
free circulation in the lower regions of the atmosphere, and the secondary 
losses due to the depletion of the suppl)- of water vapour and carbon 
dioxide, which rendered the blanketing ixnver of ihr; atmo.spherr: less - -are 
considered to have been sufficient to reduce; the gc;neral tmupevature of the 
earth’.s surface sufficiently to allow a glacial retviine to prevail oveu* those 
regions where geographical conditions were lavourablo. Tin; ahor'e, named 
authors sugge.st that during the .Permo-Carboniferous period there may 
have been land coiinection.s betw'een India, Australia, .and New Zealand, 
and probably with Antarctica, which would seriously' interfere with the 
oceanic circulation in the Southern Hcini-sphere. If the ocean curn.-nts 
are assumed to have been due to causes similar to those of tlit.; pi'eseiit 
day, then the warm Pacific currents which now pass into the Indian 
Ocean via the East-Indian Archipelago w'oukl be cut off and turned 
back into the Pacific, thus concentrating the heat there. Again, tltc cold 
currents from the South Polar region which now reach the Pacific via 
New Zealand would be turned into the Indian Oceain, or what then A\-as 
of it. 'fhat region would therefore be likely to have a cold climate, suitalfie 
■ Tor the development of glaciers, . 

The older li)'pothesis, put forward some years ago by Crull in his 
Climate and Time, attributes this and all other glaciations to variation 
in the ccccntridt)' of the earth, but this theory is too complicated to be 
stated here. 
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CHAPTER IX 

THIRD MARINE PERIOD— JURASSIC AND 
CRETACEOUS 

General Subsidence. — TJie continental period in the central Euro- 
pean region was followed everywhere by one of gradual subsidence, v\'hen 
the sea once more crept slowly over the land. Long-continued denuda- 
tion under a desert regime had already reduced the mountain areas to 
a low, rolling upland; the hollows had been partly filled-in by sediments, 
while marine erosion during the general subsidence completed the process 
of levelling, and thus an approximately plane surface had been prepared 
to receive the succeeding deposits. 

Nature of Deposits. — These are chiefly remarkable in containing 
a large quantity of calcareous matter in the form of limestones or cal- 
careous sandstones and mudstones, which alternate with deposits of fine 
dark clay in many areas. On account of the very perfect planation which 
preceded the marine phase, it is probable that shallow water prevailed over 
extensive areas not only near shore lines but at a great di.stance away from 
them. The mechanical sediments derived from the land -would form a 
relatively narrow fringe around the coasts, leaving the water beyond free 
from muddy material, and therefore suitable for the existence of calcareous 
organisms. Also, the floor of a shallow sea of this nature would be easily 
affected by earth movements of small amount, while coast-lines would be 
liable to considerable changes of position; it is therefore to be expected 
that variations in the character and distribution of the sediments would be 
numerous. Such is indeed found to be the case, yet in spite of this it may 
be said that throughout the first part of the period the .sea ■\^•as gradually 
gaining on the land, while towards the end a reverse process set in; this 
culminated in the powerful earth movements which brought the marine 
period to a close. 

It will be convenient to consider the history of the earth’s surface during 
this period with reference to certain existing features, which may be divided 
broadly into the following: (1) the Pacific border; (2) the Mediterranean 
region; (3) the Southern Continents; (4) the Atlantic borders; and (S) 
the Arctic regions. ■ ' 

The Pacific Border.— -There is reason to suppose that the Pacific 
Ocean has been in existence from a very early period, but its margins 
have from time to time undergone many important changes both in posi- 
tion and extent During the greater part of the third marine period most 
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of the modern coast-lino was under the sea, and only came into i-xistoiicc 
with the extensive earth movements which followed the nuirine phase, 
i'rom the \ve.stern coast of the two Americas round the, AIe.ntit\n islands, 
Japan, and Now Zealand the series of marine Mesozoic sediments np t(.> 
the Cretaceous is almost everywhere complete, 'riu! uniformity of con- 
ditions which prevailed over such an cnormou.s area is out; of thi; most 
remarkable facts in the geoln£(lcal hi.story of tlie t;arth. 

The Mei)ITI5RRAN1CAN Rehion. — This term is here used in a much 
wider senise than at the pre.seut daj', for it includes a belt extendin',!,- nearly 
parallel to the Equator from the Pacific border in eastern Asia till it meets 
that border again in central America. To avoid confusion with the inodorn 
feature it may be called the Central Sea of tire Mesozoic p(,;riod, or, more 
shortly, the CENTRAL Sea. From the interior of A.sia Minor through 
the south of Europe and North Africa the Me.sozoic depo.srts .shi')w evidence 
of having been laid clown in an open .sea, being mainly composed of massive 
beds of limestone built up from the remains of calcareous organisms. 
Again, in the Antilles, between North and South America, similar .strata 
occur. It is probable also that much of the <^xisling Ilimalajaui. region, 
in which limestones also play an important part, umy Ire assigned to 
the same central ocean, though its connection with that t:\'teiicling across 
southern Europe has not yet been worked out. One may anticipate a 
little to point out that it was just where the Masozoic Mcditerr.'incan or 
Central Sea existed that the mountain-forming movements succeeding 
the marine pha,se reached their maximum intensity, and therefore the 
.site of that ancient ocean is largely occupied at the present day, not by 
an open sea, but by the highest mountain ranges on the surface of tlic 
.'■earth.'A-^;'- 

The Southern Continents. — What has been denominated , the 
great land area of the Southern Hemisphere in Mesozoic times formed 
one of the most interesting and characteristic features of the period. 
W'e have .seen that during the continental period glacial conditions pre- 
vailed over a great part of the southern regions, and we have also seen 
rea,son to suppose that a certain amount of land connection existed 
between the now-isolated continents of India, Australia, South AVfrica, and 
pos.sibly also South America. That the.se regions remained above the 
sea in Triassic and Jura.ssic tinie.s is indicated by the absence of murine 
sediments of those ages, the deposits being mainly compr)scd of .sand- 
stones and shales with remains of land plants, land animals, and fresh- 
water fishes. They lie on old crystalline rocks and on the eroded edges 
of folded and metamorphic Palaeozoic strata, and are often a.ssociated 
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with, or covered by, enormous sheets of lava (basalts), which in some 
cases form the surface of the country for hundreds of square miles. 

India. — On the Indian qoeninsula plant-bearing sand.stones and .shale.s, 
locally containing important coal seams and known as the Gondwana 
GROUP, cover large areas of the high central regions. They succeed the 
I;)oulder beds of the Permo-Carboniferous glacial epoch, and probably corre- 
spond to the Permian and early Jura.ssic, as is indicated by their plant 
remains. After their formation powerful faulting occurred, w'herebj- large 
blocks of them were sunk in troughs of the Pakeozoic and metamorphic 
rocks. To this fact they owe their preservation from denudation on tlie 
elevated plateau of central India. The later Gondwana beds were 
deposited in part during that movement, but mainly after the close of 
it, and their distribution therefore does not coincide with that of the 
lower beds. 

As a re.sult of the movement the Indian continent seems to have 
attained approximately its present formi for much of the region near the 
modern coast-line was depressed almost to sea-level, and the upper Gond- 
wana, beds were deposited on the depressed areas as well as on the higher 
plateau. Towards the end of the Gondwana period slow sub.sidence was 
in progres.?, for the uppermost deposits, though mainly plant -bearing, are 
interbedded wdth others containing marine fossils, which indicate an early 
Cretaceous age. At the commencement of the Cretaceous period, therefore, 
the sea covered a strip of the Indian continent which lay somewhat within 
the pre.sent coast-line, but it never penetrated to the interior, for the upper 
Gond\vana deposits of the central plateau have in them no trace of marine 
organisms, 

SoUTli Africa.— The history of South Africa during the same period 
bears a close resemblance to that of the Indian peninsula. The Karoo 
beds, with their remains of land plants and i-eptiles, correspond to the 
Gondwana scries both in age and physical charactcnj, and like them 
they succeed boulder beds of glacial origin (the Dwyka conglomerate). 
They are thousands of feet in thickne.ss, and wherever they occur lie in 
horizontal sheets on the eroded edges of folded Palmozoic and older rocks. 
No trace of marine organisms has been discovered in them, but their plant 
remains indicate that they were depo.sited during’ the Permian and Triassic 
periods. Their upper part is frequently coal-bearing. As in India so in 
Africa the period of deposition was followed by extensive earth movement, 
w'hcreby a strip of land near the present coast was depressed flu- below the 
level of the interior, and in places was covered by the sea, so that marine 
depo-sits were formed. These strongly resemble those of India referred to 
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above, and like them indicate an early Cretacc;{)ijs atje. Oence much of 1 lie 
disloeatum to ^clnch .South Africa owes itn present form occurred Inwards 
the end of the Jurassic period, and the land connection which probably 
existed between South Africa and Imliri wonld be .severt'd 1,)y its operallnn. 

.South Amkkica. — Le.ss is known aViout: tlie inbador of South America 
than about the two reoinns already described. Unfossiliferons saiuistones 
overlying Carboniferous and older rt)cks form extensive tablelands on l)oth 
sides of the Amazon Valley, 'I’hcy were deposited under terrestrial con- 
dition.s, and are probably of Triassic or early Jurassic age. '1,’he terrestrial 
period was succeeded by extcn.sive dcpro.s.‘!ion, for in Crctaceou.s times 
the .sea gained acces.s to a great part of the interior, though much of 
central and eastern South America probably remained ahovt' the .sea 
throughout the Secondary period. 

Australia. — Similarly in tho interior of Australia the inetamorphic 
and gneis.sic rocks are followed loy Palaurzoic marine .sediments, and all 
are folded. After the Carboniferou.s dopo.sits there i.s a groat gap in the 
siicce.s.sion, and no marine deposits arc known of earlier date than the 
middle Jurassic. The Great D(.‘.scrt i.s covered by an (jxten.sivo cover 
of sandstone of aerial formation, but as no fo.ssils h.ave ever been found 
therein its age is unknown. It is prohalrl'e, however, that much of the 
Australian continent wa,s a land area during the early part of the .Secondary 
period, but the marginal portions gradually .srink beneath the sea before its 
'■ mlpse.';: , ■ 

The Atlantic Border. — Thi.s term i.s u.scd in a very wi<le .sensi;, 
inasmuch as it include.s much of north-west Europe north of the Gentral 
Sea, as well as eastern North America. The sediments arij of the same 
general types throughout, indicating that the conditions under which they 
were depo.sitGd were in the main similar over the whole of thi.s enormous 
area. They are well developed in England, and on account of the abun- 
dance of fossils which they contain early attracted aftention. It was 
indeed from a study of these rocks that the great principle which under- 
lies all the reasoning of stratigraphical geology was fir.st discovei-ed and 
clearly enunciated by William Smith in the early part of the niiieteentli 
century. In England these rocks are comparatively undi.stnrbcd, and 
the order in which the different rock typc.s follow one another can be 
readily made out Furthermore, organic remains arc abundant ami in 
general well pre.served. When the discovery was made that over wide 
areas certain kind.s of fossils were re-stricted to certain kinds of rocks, 
and were not found in those which occurred above or below, the great 
principle that "strata are identifiable by their included organism.s ’’ followed 



THIRD MARINE PERIOD 


173 


of necessity. England, therefore, ha.s played an important part in con- 
tributing to our knowledge of the history of the period; this is shown, 
also, by the way in which the English names given to the various rock 
t)'pes have been adopted almost universally. 

The gradual subsidence of north-west Europe at the close of the third 
continental period allowed the ocean to extend its margins, and marine 
sediments were deposited above those of a continental type. The initial 
shallow-water phase was a protracted one, and was followed by a compar- 
atively deep-water phase, and this again by a final shallow-water phase 
of short duration, when the land rose somewhat abruptly, foreshadowing; 
as it were, the great earth movements at the close of the marine period. 

Along the Atlantic border the marine shallow-water phase commenced 
in the early Jurassic and persisted into Cretaceous times; the deep-water 
phase is represented by the later Cretaceou.s rocks, while the final shallow- 
water phase occurred at the beginning of the Tertiary. As might be 
expected, however, marine conditions did not commence everywhere at 
the same time, and accordingly we find that the earliest Jurassic rocks 
are absent over wide areas. Further, the subsidence did not proceed 
uniformly but by oscillations, for after some of the early Jurassic strata 
had been deposited a marked submergence occurred affecting large tracts 
in north-west Europe, This continued with slight oscillations until nearly 
the close of the Jurassic; a reverse process then set in; the land rose and 
the ocean margin steadily receded ; a climax was reached towards the end 
of the Jurassic and the early stage of the succeeding Ci-etaceous, when 
central and northern Europe was occupied by a series of lagoons and 
freshwater lakes in which the remains of land plants and freshwater 
shells were buried. Rapid evaporation caused the px-ecipitation of gypsum 
and rock salt, and many of the sediments were coloured red by oxides 
of iron. . 

Lagoon Conditions.-- -The conditions of these areas must thei-efore 
have been somewhat similar to those under which the Triassic sediments 
were deposited. One of the lagoons extended across the south-east of 
England towards Boulogne; another occupied a large part of Hanover 
in noi'th Germany; while othei's are known to have existed in the west 
of France and in pai'ts of Spain and Portugal. At the time of maximum 
emergence it is pi-obable that eastern Eui-ope was severed from westei-n 
Europe. Coinciding with the emergence of land in Europe there was 
a submergence in northeni Asia, and probably also in India and South 
Afiica. It has been maintained that those events were interdependent, 
and to a certain extent this seems to have been the case. 
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Grkat SlMiMKKdKN't K, — It ih obvious Ihut, fliirin;;’ (he Mesn/oic cm 
the crust of the eartli wus by no lucJins at n;st, luit uiKle^joini;- conr.tant 
small alterations in form which were rcilecUtd in ehan.n'es of the land and 
sea inaq^ins, but the oscillations already described wen; only tlie fore- 
runners of the enonnons subiner5,i|;ena; which occurred towards tlu; iniddl(,- 
of the Clretaceou.s iK;ri(id. The greater part of eastern lf.iiio])e was tluai 
covered by the sea, which extended across the southern hall' of Russi.i 
and centra! Asia to the I’acilic coast, while the. highlands of Ardm-an 
and Paheozoic rock.s scattered about central Europe tliroughout Triassic 
and Jurassic times — remnants of the Armorican chain [)reviou.sl3' dc;.scriberl 
—were for the most part submerged. 

Naturk of Deposits. — The higher Cretaceous rleposits Ijoar llie 
stamp of fairly deep-water condition.s over most of the area, and the alum- 
dance of calcareous matter indioate.s that the .sea was ptiorl}- .sui)plied 
with sandy and muddy sediments, probably bjf reason of the low relief 
of the land that remained unsubmorged. In cc:iitral anti westoni luimpc 
they talce the form of a loose friable calcareou.s nmlc kmnvn a,s chalk. 
On the opposite side of the Atlantic the .sea .spr<;ad aero.s.s c;ent:ral ,'ind 
western North America from the Gulf of Me.xico through I’esras and the 
we.stern State.s, probably reaching northwards nearl.v as far a.s the Arctic 
Sea, As in Europe, many region.s wi;re .submerged which had buiui above 
the level of the .sea for a long interval, 

EXTEN.SION OF CENTRAL SEA.— Th(‘ Central Sea of the. Mesozoic 
maintained its sway throughout the o.soillation.s wliidi aff(;cted more 
northerly regions, but during the Cretaceous submergence it.s marfpn.s 
were greatly extended over North Africa, Arabia, and S3-ria, and tluj 
whole of the region around the Aral and (kispian Sca.s, and even reached 
in that direction to the ea.st side of tlu: Indian [)cnin.sula. Tin.' dt-piwils 
con.si.st of hard, well-compacted limestones quite distinct from the soft 
friable chalk of central liurope, and point to accumulation in somewhat 
deeper waters. 

A great part of South America was submerged, while Crt;taceou.s 
sediments on the coast.s of South Africa, India, and Australia indicate 
that the .sea penetrated fartlier inland than it does at the present da3', 
though the central portions of the thi'ee continents remained well ahii\'e 
the water.s throughout the phase of greate.st submergence. 

Land and Sea in Middle Gk,etacj?ous. — From the foreg'oing 
accounts it would appear that the relative proportion of land to sea 
during the middle Cretaceous must have been considerably ]e.s.s llian 
at the present da}^ since part of all the southern continents as we now 
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know them have reappeared since that time, and only north-west Europe 
and northern and eastern Asia and the north-east portions of North 
America remained in the Northern Hemisphere (see plate). Va.st land 
areas which were in existence at that period may, however, have been 
subsequently submerged. 

Lost Lands. — It is probable, for instance, that much of the North 
Atlantic was dry land — the remnants of Atlantis, — and that exten.sive 
land areas, though probably no actual connection, existed between South 
Africa on the west and the Indian peninsula on the east— -the remains 
of Gondwanadand. To the same series of events which brought about 
the final collapse and submergence of those portions of the earth’s crust 
may perhaps be attributed the great recession of the sea at the close of 
Cretaceous times, which was followed by mountain-building movements 
on a large scale, in some respects the most powerful and most extensive 
that have affected the earth’s crust since the beginning of sedimentation. 

Climatic Conditions in the Mesozoic.— In the physical geo- 
graphy of a given period climatic conditions play an important part. It 
is a matter of difficulty to indicate them with certainty for comparatively 
recent epochs, but the difficulties increase rapidly with the remoteness of 
the period. The evidence relied on is necessarily of an indirect nature, 
and is usually based on a comparison of the distribution of the forms 
of life in the past with that of allied living organism.s. 

It has been claimed that the Jurassic fauna points to the existence 
of four distinct climatic zones somewhat similar to those of the pre.sent 
day and running nearly parallel to them. The equatorial zone coincided 
approximately with the Central Sea, the north and south temperate 
zones lying respectively to the north and south of it, while a boreal 
zone included the region around the North Pole, extending as far as 
the northern extremities of Europe, Asia, and America. The corre- 
sponding austral zone, if it existed, should be around the South Pole, 
but too little is known of those lands to draw any conclusion.s in regard to 
them. It is a striking fact that the fauna of the supposed south temperate 
zone differed widely from that of the eejuatorial belt, but presented strong 
affinities to that of the north temperate zone; while the absence of I'cef- 
building corals in the boreal regions, and their abundance in more southerly 
latitudes, afford additional evidence that the distribution of the organisms 
wa.s dependent on temperature, for at the present clay reef-corals require 
for their prosperity the high temperature of tropical or subtropical sea.s. 

Volcanic Activity.— In India eruptions on an extensive scale took 
place during the uppermoiBt Gretaceoas. The Deccan traps are flows of 
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[iiisic; rocks wliich \rcrc poured out over the: surface of tlu; laud probably 
from uuiiu:roas fissures. They n;ach the enorrnou.s thicknes.s of uearl\' 
6000 ft., iincl are e.stimated to cover ;iii area of about .^00,000 .s(j. iiiilcH. 
Tlie thick flow.s of ba.sic rocks ainontf the Karoo .sandstoiie.s of .South 
y\frica are ijrnbalfi}' of Jurassic a^re, while eruption;; of preal, uiae;nitufle 
characterize the later .stas.n; of the (Jretaceous in we;;lr-ni North America. 
In all tho.se reipou.s considerable disifiaecriients of the isirth's I'ru.st took 
place toward.s the middle or at the clo.se of the Secondary period, and 
it h not improbable that the manifestations of \'oIcanic activity' were 
connected directly or indirectly with the movement.s. 

CHAPTER X 

FOURTH CONTINKN^'AL PliRFOD (ITarJTARY)— 
EARTH MOVEMKN'rS, DJtPOSlTS 

EAimd 

Clo.se of Third Marine Period.— W e liave. now reached the closing- 
stage of the great third marine period, when the margins of the extf'iisive 
oceans began to recede, laying hare new land are.a;i, .and the deep waters 
were replaced by shallow seas, ICnormons changes in the [fiiy.sical 
geography took place in a comparatively short tiim:, geologically 
.speaking. The contraction of the seas began to make it;;elf I'elt L>eforc 
the last of the chalk had been deposited, while over wide areas the 
upper beds of the chalk were uplifted and exposed to denudation before* 
tlie Tertiary period, That movement, together with minor ones which 
followed it, wore, however, only the precursors of tin.: more powerful 
and wide, spread disturbances of the earth’s cru.st in Middle Tertiary 
(Miocene) times, which brought into being the most important features 
of the surface of the globe as we know it at the present day — the .surface 
inodel, as it were, on which subsequent events have only effcctc;rl modi- 
fication.s in details (see plate). In order more clearly to follow Uiom: 
changes, it will be convenient to consider their el'fect.s on certain pre- 
exi.sting features, one of the most .striking of which was the ('culral Sea, 
Shrinking of Central SEA.r~With the general recession ui‘ that 
.sea new land appeared around 'it.s mai'gin, while ran.ges of mountains 
began to rise within its boundaries, thereby gj:catjy reducing its extent, 
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’Fhe mixlrrn Mu.literraneun, the Cririltoi Sea, and the small isolated 
<n- m.'.:n-!y-isolaU!fl basins of the Aral, the Caspian, and the Black Sea 
arc all that reimiin of that "rent Central Ocean of the Secondary period. 
If is probable, howc.ver, that irortions of the ■ Atlantic came into existence 
as the insult of extensive subsidence of land which once bordered that 
(ict;au. llu! rc'ipon to the north of the Central Sea received an elevation 
t.'/i piitssi' i. IS wcU as a tilt to the north or north-west, whei'eby much new 
laud appeared in central Europe, Asia, and North America, but regions 
nearer tlic jiule wei'e .submerged. The mountain - building movement 
gradually died away to the northwards, but its effects are seen in the 
.south of England. 

Isvoi.uTTOx OF Mediterranean.— -The evolution of the modem 
Mediterranean liasin from the Mesozoic Central Sea is intimately con- 
nccteil with the birth and growth of the Alpine chain from the Apen- 
nines in Italy to the Carpathiaii.s and Cauca.su.s. It will be remembered 
that during it.s greatest extension that sea occupied southern Europe, 
and southern and central A.sia as .far as the Pacific Ocean, but that 
.sulxsequently its dimcnsion.s were mucli reduced; the connection with 
Intlia was cut off, wliile the crests of the Apennines, AIp,s, and Car- 
pathians apptaired ns Islands within it. At that stage it reached on the 
ea.sl to the north of Persia and the source of the Euphrates; on the 
fvc.st there ivas a communication witli the Atlantic Ocean across Morocco 
and the .south of Spain. 

A period of elevation then foliorved, when the deposits previously 
formed round the margins of the embryo Alpine chain were uplifted 
and folded, and, in consequence, exposed to denudation. During the 
succeeding ipiiescent stage the sea encroached on its margins, due in 
part to the large quantity of sediment can-led in from the new-formed 
land which was undergoing destruction, and in part to slow subsidence. 
'Phe low-er Rhone valley was occupied by an arm of the sea which pene- 
trated along the northern margin of the Alps and Carpathians, and 
spread far over the south Russian' plain to the Caspian and Aral basin.s, 
at tlie same time covering a large part of Austria-I-Iungarv. The eastern 
limits ivere sensibly the same as in the previous stage, but the only cotn- 
iniiiiication with the Atlantic rvas along the Guadalquivir valley in the 
.south of .Sixiin. In the narrow northern arm, severed, as it ivas, almost 
completely from the larger southern body of water, rapid m-ai^oration 
caused the precipitation of rock salt, which is now extensively worked 
near Cracow and in Transylvaniaj. while reseryoirs of petroleum and beds 
of mineral wax fozokerite) are contained among the tenacious clays. 

VOU I - - ' ' , i 2S 
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Th.it. s1;u;c was hi‘<iiv4'ht to ii cIoko by a rtvcsstun, when (lie 

ahole v.ilky of the Ihuuibc, tin; Muitli of Russia, .ui<l llu; Aialo ( ,i.)iim 
area were lost to the Mediterranean, which was confnual to a small (nut 
lyiiry wholly to the west of Sardinia and Corsica, and llu; dcjaisiis of 
the previous sta!4e in tlu; Rhone valley and Uunpavy suffered vip.orous 
uosmn. 'llus w Ihuefoie the most important episode in the <'ouiph< ated 
history of that interestiniv reepon, and a)iiH;urs to coincide with (he e.tealesl 
period of elevation of the Alpiiu: chain, Snlwefpient c}t;iUi.p'.s wen- in 
the direction of a woneral subsidence of the whole, I'eppon, while local 
depresKion gave ns<; to the Adriatic and Aigean seas, and eslahlished 
a connection once more with the Black Sea, which had been temporarily 
•■'lost.,'' ' 

Thus by a succession of uplifts and subsidences the Mediterranean wa;; 
evolved from the great Central Sea, wltich had been in exislcneo since 
the Triassic period. ICach uplift added to tlie importance.; of the Alpine 
range, the formation of which was the pr(^xilnate cause, of the \mrt;st in 
the region; while at each step the boundary of tla; range prcs.sed towards 
the low plain or .sea-covered area which lay t(,) tlie north, cltiarly indicating 
that the forces which elevated the mighty chain acted upwards from 
the centre of the earth us well as hori/ontally in a g-eneral northerly 
direction. 

The events which took place on the south side of tlu; IHuialuyas 
have already beeit referred to on p, 105 ct seq. There it was shovt'U that 
the margin of the chain advanced soHtlnK’onis by degrties, ami unc-roai'hud 
on the tract now occupied by the Indo-Gangetic iduhi; the movement, 
though in opposite cUrcction.s in the two chains, was otherwise vt;ry 
.similar. The magnitude of the final upheaval may he rcali/.ed from 
the fact that marine fo.s.sils of earl;Jr Tcrtimy (luicene) date liave iiei-n 
found at elevation.^ of 10,000 ft. in the Alp.s, l6,ooo ft. in the Himalaya.s, 
and more than 30,000 ft in , Tibet. 

CariisbeaN Region. — The hi.story of the Mediternmean region in 
Middle Tertiary times was repeated ou the opposite .side of the Atlantic 
at the we.stcrn extremity of the Central Sea. The Caribbean region of 
to-day is closel}.' analogou.s in its geological hi.story witli the Mcditerraiuian, 
tor it has suffered episodes of mountain-forming mi.ivcmcnt and rcces,sion 
and advance of the sea, in the same manner and at approximately the same 
times. The chain of the Antilles, and another acro-ss the north of Venezuela, 
corre.spund to the Alp.s and Apennine.s, and the Gulf of Mexici.), w’hidi 
lie.s in front of the folded range, to the low tract bordering the Alpine 
chain on the north. The difference between the regions lies only in tlie 
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iictual elevation which the two have suffered. The Alps and Carpathians 
form a coutinuou.s belt, while the Antillean chain is interrupted, and 
exists only a.s a series of islands. A greater uplift of the region would 
unite the scattered islands and raise the Gulf of Mexico above the level 
of the .sea, when the correspondence with the south of Europe would be 
C(.)mplete. The resemblance between the two regions is not, however, 
mere analogy, for it goes farther. The chalk depo.sits of the Caribbean 
region are identical in physical character and in organic remains with 
those of far-distant southern Europe, while they differ widely from those 
of closely adjoining districts along the Pacific border — a condition of 
affairs which was maintained throughout various stages of the Tertiary 



39.— Skatcli Map' of the Alpine Chain and the Jura Mountains, showing their relation to the rigid 
Armoricaii masses lying in front 0^ them 


period. Further remarkable similarities will appear w'hen we coitsider 
the distribution of volcanic activity and earthquakes on the surface of 
the earth. ' 

COURSK OF Alvine UpUFT. — That the Alpine uplift pursues an 
extremely complicated course across southern Europe will be seen from a 
glance at the accompanying plate. Used in its widest sense, the following 
ranges must be understood as comprised within the term : the Pyrenees, 
dividing ITance from Spain; the Cordilleras, in the south of Spain; the 
Atlas and Algerian mountains, which range across North Africa; the 
Apennines; the Italian, French, and Swiss Alps; the Carpathians; the: 
llalkans; and the Caucasus; together with several minor ranges which 
bound the Adriatic Sea on the north-east, and extend through Crete 
and Cyprus into Armenia, 

The northern chain may be divided into two parts convex towards 
central Europe, viz. the Alps and the Carpathians, separated by a marlieclly 
concave portion at their junction (fig. 39). These peculiarities tlirow 
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an iutercslin;4 on tin,'. Iiislnry of the uplift, fur they iire fuunil to 
-stanfl in intiiniito mlulion to the c>coluffieiil eonstiliUiun nl’ (lie nijp'un in 
front: of tlic chain. To the uurtli of the !,;TCiit buli^e of the ( iarpatliiaus 
lie.-; the vast '.Russian plain- -a tract charactcrizecl l,iy cp'eat .simplicity of 
structiuv,, inasuniu'h as it has oseapccl all the ^'Teat earth luuvomcuts 
which have at variuu.s times alTiioted other [(ortions of the cni.st, and the; 
sedimentary rock.s have therefore not hoon disturbed and nmdeivd ripRl 
to the same extent. As the Carpathians continued to ipanv in hin!.;ht, 
their raargims pres.scd towards the low-lyintf re!;!:i(,ni, ami a.s no ris.i'id 
obstacle impeded their advance they swept forward in that direction, 
involving more and more of the plain in their progress, until the force.s 
of uplift were expended and the movement ci^ased. 

Bohkmian Ma.s.S. — Now directly in front of the cinicave portion, 
between tlic Carpathians and the Alps, lies what may be ealksl the 
Bohemian !nas.s, the complicated gcok>gical history of which is; n.'lhicted 
in the variety and rigidity of its rocks. It is, in fact, one (d' the .stumps 
of the great Armnrican chain which occupiixl central l^urope at the 
close of Carboniferous times, It.s rigidity acted as an effective obstacle 
to the forward movement of the Alj.tine margin in that direclion. 

Conformation of Jura Mountain.s.--To the we.st of the Bohemian 
mass lie other relics of the Arinorican mountains. I'heir innuencc! on 
the growth of the Alpine range i.s nowhere more clearly shown than in 
the folded Jura Mountains, which lie to the north- forerunners, as it wi.tc 
— of tlie main chain. Their front margin i.s curved or bulged towards 
the north, i.e. in the direction of movement of the main cliain, as if tiie 
centra] portions moved freely forward while- the ends were; held Imck. 
The reason for this curious arrangement is m't far to seek. On the, east 
lie fragments of the, rigid Arinorican chain now represientcxl at tlu; .surface 
by the 'Vosges and the Schwarzwald, but which are probably connected 
at no great depth with one another us well as with the larger Bnltemian 
mass. On the west is the Central Plateau- of France, a n;giou which 
ha.s much the same history as the other mas.ses. Between them lie.s 
the Jura region, with a very different history. When tlic Armorican 
chain had there sunk to great depths, and been covered over by a great 
thickness of sediment pirior to the date of the Alpine movement, the. 
forces of upheaval picked out, as it were, the weak spot in lhe rigid 
barrier opposing the advance of the chain, and the movcincut .si)rc;!id 
in that direction, reaching farthest at the centre, while the margins svere 
jammed again.st the rigid mas.ses on -each side. A similar state of affains 
may be observed at the western end of the Alps, where the margin of 
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tliat chain, freed from the influence of the Central Plateau of France, 
suddenly bulges forward in a pronounced convex curve. 

It appears, therefore, that the forces which elevated the Alp.s and 
Carpathians were directed from the south, which caused those chains to 
override the region lying to the north, except where rigid barriers 
imposed restrictions on the movement; but this rule does not hold good 
for the whole of the Alpine uplift, for in the formation of the Pyrenee.s 
and the north African range the folding foi'ces were directed towards 
the south. On the east the Alpine chain is connected with the Asiatic 
liplift, wherein the elevatory forces were directed also from north to south. 
The transition from this direction to that obtaining along the north of 
the Carpathians seems to talce place in the Caucasus range, which exhibits 
extremely complicated structures, resulting apparently from torsion or 
ttvisting of the strata. . 

Asiatic Upijft. — The southern margin of the Asiatic uplift extends 
in a general easterly direction in gigantic curves convex towards the south, 
which on a map suggest a series of festoons (see plate). The most 
westerly of these is a short one, which runs across Asiatic Turkey to the 
confines of Persia; there it meets at an angle another range, which runs 
through Persia along the north side of the Gulf, and after skirting the 
Arabian Sea turns abruptly northwards parallel to the River Indus, which 
it follow.s as far as the Peshawur district. Along the line of that valley 
it joins the Plimalayan range at a very acute angle. The south margin 
of the Himalayas exhibits the festoon-like curve in a striking manner; 
on the east, where the chain is breached by the Brahmaputra, it i.s met 
by the Burman and Malay ranges, which no longer preserve the easterly 
trend of the others, but for a great part of their course follow a meridional 
or north -and -south direction. They are, moreover, less clearly defined 
in their course among the scattered islands on the border.s of the Pacific 
and Indian Oceans. 

An explanation of this peculiar alternation of sweeping curves convex 
towards the south, with sharp re-entrant angles or bays, is suggested 
by the structure and mode of growth of the ranges. It is found that 
their southern margins have everywhere encroached on the region which 
lies to the .south, viz. the Persian Gulf, the Arabian Sea, continental 
India, and the Bay of Bengal; and as the movement proceeded not 
from one but from several centres, it follows that several chains were 
in process of formation at the same time, all having the same tendency 
to encroach on the forelying region. This resulted in what may be 
crudely described as jamming— -in other words, the separate chains at 



their point;; of mi;etin[.j crtnvdt;d upon ono :inot;ht;r, aitil thoir IVoo prowth 
was obstructed. Those parts were therefon; left befiiiid, while lliu <-eiitral 
portions, rem(,)ved IVoiii the jaunninK’ iiiniience, .swept forwards nulil the 
cbniiis :is.siuned their iirtisent peculiar form. 

It is a .stvikinf.i coincideuce that both tlu: Indus and the Bralnnaputra, 
which originate to the north of the main llimaUiyau rang;;, after .skirling 
Ilia chain for hundreds of n)ile.s in their attempt to force a pa.ssag'e, fmall\- 
.succeed each at oppo.site eiid.s, where the prngrcs.s of the elevation was 
checked. There arc strong rea.s(.ni.s for believing that th(.)se ric'crs were 
in existence before the uplift began, and tliat they flowed in a southward 
direction. The elevation of the chain acro.s.s their course forced them 
into a new channel par.allel to the uplilt, and as the growth at tlu; ends 
of the chain was probably slower than in the middle, the sea persistcul 
there for a longer period. The 1,)arr(;t.l rivt;rs therefore found an outlet 
into the sea at those places, and moreover, they .succeeded in maintaining 
their channels open by corrasion during the succeeding' stages of the 
: elevation. 

The interior of Asia seems to have suffered elevation cu mfisr to 
form the Tibetan plateau and the g-reat desert an^as, as ^vell as s[iecial 
uplift along certain lines, of which the Hindu Kush, the Kuen Lun, and 
Tian Shan mountain range.s arc the mn.st important results. (.)n the ca.st 
the movements blend with tlui.se which took place at about tlu; .same time 
■ along' the Pacific, margin. 

Pacific Boitl)i;K,~-In an earlier chapter it was stated that in tlu; 
Secondary period nearly the whole margin i}f the modern Pacific Ocean 
was under the .sea. The change to present conditions (urcurrofl during 
that great phase of earth movement of middle Tertiary time.s, when the 
sea floor was elevated to form gigtintic ranges like tin; Andes of South 
■America, and in great part tlu; Rock)^ Mountain aiul coastal diain.s of 
North America. A.s a result of the elevation the Pacific became ringed 
by an almo.st complete girdle of mountain ranges (sec plate), many of 
which exhibit the festoon-like arrangement characteristic of the Asiatic 
chains. The Aleutian Islands, Kamchatka and the Kurile.s, Japan, the 
Philippines, and New Zealand may be noted as striking exatni')les. 

Nouth France and South 1-:ngland. — Little need be .said of 
the effects of the Alpine movement in central Europe, as only feeble 
indications of it have been observed there. The .Tertiary beds of tlu; 
Pari.s Basin arc traversed by axes of uplift, which are, however, of litth,; 
consequence. Two of these penetrating into the .south of Jvngland gave 
rise to the Wealden arch, which has been previously referred to; a thinl, 
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after leaving the Paris Basin, extends across the middle of the Isle of 
Wight and continues thence into Dorset. The individual folds along 
these axes of uplift are usually unsymmetrical with the steep limb facing 
to the north, indicating that the pressure came from the south. The 
Isle of Wight is traversed from end to end by a belt of vertical or over- 
turned strata, which represents a part of the steep limb of the fold. The 
outline of the island is due to the vertical ridge of chalk, which is bounded 
on each side by softer strata. The chalk has resisted the ravages of the 
weather and the waves, and stands out boldly at each end, while the 
adjacent beds have been denuded away, the wear being greater as the 
distance from the protecting chalk ridge increases, thus giving rise to 
the lozenge shape characteristic of the island. 

As has been explained in a previous chapter, the Weald drainage 

system is a direct consequence of the Tertiary elevation, This intimate 

connection between the drainage and the folding of the strata is noticeable 
in the south of England wherever the effects of the movement made them- 
selves felt. The watersheds follow the more important axes of uplift, and 
the main streams flow into the synclinal troughs on each .side. 

This leads one to enquire how far this relation holds in other regions 
where that movement was felt. 

The intricate DRAINAGE SYSTEM OF EUROPE is the result of the 
many complicated changes which have at various times affected the 
region. Many of the main lines must have been in existence before 
the Alpine movement began to operate, and therefore the chief rivers 
flowed into the important marine areas of Cretaceous and early Tertiary 

times; when new land arose in and around those seas as a result of 

the later movements, new systems of drainage were started, and many 
of those already in existence were modified. It will be noticed on any 
map that the main watershed of central and eastern Europe follows a 
cour.se approximately parallel to and at some distance to the north of 
the Alpine chain as far as the Carpathians, whence it swings in a north- 
easterly direction across Russia to the Ural Mountains. The most 
important rivers flow into one of three areas: the Arctic Ocean, the Baitic- 
North-Sea region, and the Mediterranean basin, including the Black Sea 
and the : Caspian. 

It will be observed also that the greatest number of rivens, and by 
far the most important, flow into the latter basin, where, it will be 
remembered, an important ocean had existed from the beginning of the 
Secondary period, if not prior to that. In the Baltic-North-Sea area 
the chalk and Tertiary, deposits of .France, North Germany, and England 
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were laid dmvn; while there is evidence that the part of the Arelie 
Ocean which receives the nanriimler of tin? draiuai^e was .siil)mer;..;e(i at 
the close of the Crel:it<;cotiK period. 

ll is ])robiihki that the nniin wtitersheds were detennined by nneqnal 
emergence or slisdit tiltiiijf of the sea floor during' the .general edevidiou 
of Kuropc which .sl4’;htly preceded the inoiinVain-lmildinp- movements. 
The rca.sun why the Danube cros.ses the eliaiii in two places ina)' tlierefore 
bc that it flowed towards the south before the elevtitiou be,j.t'au, tiud that 
it kept its course open in spite of it. Smaller rivens, and oven the 
tributaries of the larger one.s, show u c1o.sg connection with the directions 
of the axes of uplift, as, for example, the upper Rhone and the tributaries 
of the Saone in the Jura Mountains; while the Italian rivers are .stricth- 
consequent oti the uplift of the western Alp.s and the Airennines. 

Drainagk System oe North Amkril'a.— In North America th<; 
convergence of the lines of drainage toward.s the region lust vacates! by 
the sea in Tertiary times i.s remarkable, for the rivers draining- nearly a 
third of the continent pour their watts-s into the Gulf of Mexico, winch 
is to North America what the Meclitcrraiusin basin is to Kimjpt;. In 
the western territorie.?, and along the Californian coast, the pusitioa.s ami 
directions of the divides and waterconr-ses liavfi been detemiimxl by thi; 
.middle. Tertiary .movements. 

Drainage System oe South AMERicA.—In South America, us Hkj 
eastern, slopes emerged .slowly from under the Cn,;t:icei.>u.s ami Tertiary 
.seas the rivers increased in length fis the elevation pnwee.detl ; whik; 
the Tertiary movements, which elevated the whole Andean chain at tlx.- 
same time fixed the main watershed of the country clo.se tt.) tlie Tacilic 
border. The result is seen in the strangely unsymmetrica) distribution 
of the drainage, of which the Pacific Ocean only receives u minute fraciioii, 
while the Atlantic monopoliKcs the rest. 

Mountain Bun, ding. — Mountain ranges such as tlie Alp.s, tlie 
Andc.s, or the Himalayas, have been shown to be the result of great 
compre.ssion in the crust of the earth, whereby the strata which occupicul 
a certain area were crowded into a smaller space by violent buckling. 
Mention ha.s been made of movements of another type which Iiavc at 
varicHis times affected parts of the earth’s surface, and are clue to teu.siou 
in the crust, which causes the strata to tear apart, and large area.s are 
depressed relatively to their .surroundings. It can be proved that bj- 
so doing the strata occupy moi*e space, after the movement than before, 
and thus the tension is relieved. Chains of mountain,s do not ari.se from 
displacements of this kind; the, cracks or faults- along which the strata 
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giyi.: way tend to form ; an irregular network, somewhat like those which 
develop in drying mud, and the surface is broken up into many-sided 
blocivs, often of great size, which are depressed and tilted to var\'ing 
amounts. A fair idea of the effect of such a movement can be got b}' 
observing the way in which a sheet of ice breaks up when the water 
which .supports it is removed. Displacements of this kind often attend 
the later phases of mountain-building; the elevatory forces appear, as 
it were, to overreach them.selves, and to set up a tension in the crust, 
which mu.st be relieved by normal faulting; but they occur also inde- 
pendently of movements of compression, for during the Tertiary period 
large tracts of land in the north Atlantic region suffered subsidence, and 
it is probable, indeed, that that part of the ocean came into existence in 
thR way. , ' 

; DepRE-SSION by Faulting. — The Alpine elevation was followed by 
extensive depression, whereby parts of the Mediterranean basin were 
deepened and its margins were extended; the Adriatic Sea came into 
existence as the result of a series of step faults lowering the central 
portions relatively to its borders. In Tran-sylvania the subsidence, 
although great, was not sufficient to reduce that area below the level 
of the sea. 

Similar depression.s followed the folding of the western territories of 
North America. The Great Basin and Salt Lake regions are traversed 
bj' powerful faults, which have broken up the surface into enormous 
blocks tilted in various directions. As denudation in these arid regions 
is not so rapid as in temperate climes, the course of the displacements 
are still marlced by lines of cliffs which bring the structure of the area and 
the nature of the movements vividly before the observer. In some cases 
the faults are accompanied b}' flexurc.s, produced by the dragging down 
of the edges of a stationary block by the surrounding depressed portions. 

The broken nature of the girdle of mountain chains surrounding the 
Pacific in its course through ea.stern Asia and Malaysia has been attributed 
to subsidences following the elevation, of the chains. 

Volcanic Activity.— It will be remembered that the disturbances 
of the earth’s crust which caused the second and third continental periods 
were accompanied or followed by volcanic activity. ' The fourth and latest 
movement offers no exception, for the course of the elevation is every- 
where rnai-ked by lines of volcanoes, many of which have been long extinct, 
and their great conical accumulations are being denuded away, but others 
are still active, and continually adding to their height by fresh outpourings 
of .lava, ash, or volcanic mud. On referring to the accompanying plate it will 
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be seen tluil, with very few exceptions, ull thc5 most important volcanic 
centres at the prescmt day are confined to two well-marked l.)clts — tlu' 
first surroundiniT the Pacific Ocean with an almost comiiletc ‘dvrlle, while 
the second extends nearly halfway ruiiiut the earth from asilral America 
to the Malay Archipelago, and iii(;el.s at both ends the .Pacific {,;irdle. 

It is useless to inontion the individual cones which a.rc still active, for 
their number is very great, but attention iiia)' he called to the fact lliat 
their distribution coincides everywhere with the region affected !;iy tlie 
Tertiary mountain -building movements. They arc spcciall)' prone to 
occur in those tracts which have suffered .subsequent depression by normal 
faulting. This seems but natural, for the pent-up magma reaches the 
surface by the easiest pas.sages, and the.se mn.st occur ' more fre(.incntl}- 
in those regions which have been recently fissured and displaced than 
in relati\’ely .stable areas. It has been suppo.sed, loo, that reservoirs of 
molten rock mu.st l-ie produced by inovenients of oltwation ; for it is 
claimed that the intense pressures which normally prevail at a depth 
.suffice to keep the materials in a .solid or pasty state in .spite of the 
temperature, but that* when the pressure is relieved by tlie formation 
of mountains the pasty material becomes fluid, and force.s a passage 
upwards, along lines of weakness. Thi.s view is coloured too much by 
notions of the possible constitution of the interior of the earth-- -a])ont 
which so little is known — to be regarded as mon; th.'ui a suggestion. 

It will be seen from the maj) tliat some important volcanic areas lie 
outside the two bclt.s already described. Gne of tlie.se — Iccl.'ind— lie.s in 
the north Atlantic; others are in the south Atlantic, between Africa and 
South America; Eind another in the Indian Ocean near Madagasi.nr; 
while others occupy some of the islands in tlie centre of the ,!bu-ific. 
With regard to those in the Atlantic and Indian Oceans, it may ia; 
mentioned that both those regions have probably increased in size com- 
paratively recently by e.xteri.sive subsiding movements, and tlie connection 
which appears to exist between the distribution of volcanic activity and 
earth movements may therefore still hold good in those cases. 

In addition to cone accumulations, there were eruptions of basic lavas 
which gave rise to an extensive plateau, , Remnants of it are now 
found in the north-ea.st of Ireland and' on some of the western isles of 
Scotland, and probably also on Iceland and Greenland. The eruption.s 
seem to have been from numerous fissures following .faults or otlicr 
planes of weakness, for the region, around the present margin of llic 
plateau is traversed by innumerable dykes. of ba.sic rock such a.s might 
have fed tlie eruptions, and it is only natural to conclude that similar 
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<!ylvci> ctiuccalcd beneath the flows. How far the plateau exteuded 
it is impossible to tell. It is probable that some part of Atlantis still 
lier.si.sterl in the north Atlantic during the period of eruption. The 
.scattered remnants of the plateau now preserved have escaped denuda- 
tion by faulting, which, however, was not sufficient to submerge them. 

TERTIARY DEPOSITS 

Pi.IOCB:NE,— T he Miocene elevation shifted the areas of sedimentation 
into the modern seas, and therefore subsequent marine deposits are scanty 
and of scattered occurrence on the present land? Such deposits as are 
acce.ssible are mainly found bordering the great mountain ranges, and 
have been exposed as a result of the continuance of tlie uplift which raised 
the mountains. Marine Pliocene strata are known from various districts 
in Italy; they are of shallow-water types, indicating a close proximity 
to a . shore line, and their later .stages pass up into fluviatile deposits 
resembling the Pliocene of other areas in Europe and elsewhere; also in 
.south-eastern Europe, where they point to formation in an inland sea. 
Around the northern border of the Alps and various isolated areas in 
central Europe sands and gravels of fluviatile origin containing bones 
of mammals are the usual representatives of the Pliocene epoch, but the 
deposits of the south-east of Europe appear to have been formed in inland 
seas, and contain a mixture of marine and freshwater shells. 

In the ea.st of England and Belgium there are estuarine and river 
deposits alternating with others which are probably marine. They are 
of Pliocene age, and are considered by some to have been formed along 
the estuary of a large river forming the continuation of the modern Rhine, 
to which the Thames and various east-coast streams would be tributaries. 
Their chief interest lies in the evidence they afford of a gradual lowering 
of temperature during the period. The remains of plants and other 
organisms indicate that the earlier Pliocene beds were deposited under 
warmer climatic conditions than. those of the pre.sent day. but the temper- 
ature seems to have fallen gradually, and in the later sediments occur the 
remains of plants and animals which now live in the extreme north of 
Europe. There is therefore an evident preparation for the, climatic con-: 
ditioiis which followed immediately on their deposition. A possible much 
greater extension of Pliocene deposits is indicated by isolated patche.s 
in the south-west of England and by the occurrence of Pliocene fossils 
in the glacial beds of Scotland, the latter having been derived, it is sup- 
posedj from deposits concealed under the sea. 
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. In Nortli AiniTU’n the chief ;m;:i (if .sediinint.itinii 1:iy aminul Ihe (liilf 
(if Mexico nucl tlic All.uitic coiisf to tlu* north, iMilaletl ji.iliiie'. uwtir 
ahio in the .‘ioiilheni .‘tnd wasteni Slatris ntid .'ilo!ii.<- llje tiiilifontiiin coast. 
In some parts of tiaas' regions they are siiiil to occur a! a heijihl ol .p in) It. 
above sea level, 'i'he iMioceni' deposits near San I'rancisco ;ue d.iiined 
to have; a tliieknes.', of 13,(,)00 fl.. which, if trni!, is far In excess of aii_\ tliinp 
known eLsewlicre. 

It appeans from tlu; altiturUss at which I'liocasK! .si;diments are now 
found that the Miocene elevation had not cxpendi'd it.s force niuil thc 
siicceeding epoch. This was spociall}^ the c.a.se iti western North America, 
where great folding and faulting movements appear to ha\-e Ijcen in 
progres.s througliout. As the Siwalik d(ip(.isit.s fringing tlte 1 liinalayas 
are in part at least of Pliocene age the .same concUisitui .seems to be 
justified for that region (see p. 107). After tlte close of the Pliocene 
the surface of the latu-l and the relative dislrthiilion (.if laud and hc.h did 
not seriously (.liffer from tlteir present aspect. 
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